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PREFACE.

Even a slight acquaintance with the duties and responsi-

bilities of a Colliery Manager will lead to the conclusion that

he had need be almost omniscient within his own province.

Besides his responsibility for satisfactory results in the opening-

out and working of a colliery, under the ever-varying con-

ditions of coal-mining enterprise, there rests upon him a heavy

legal as well as moral responsibility which no true man would

wish to shirk, and in the discharge of which he has to prepare

for that which happens more often, perhaps, in his career than

in that of most professional men—viz., the unexpected. It

becomes him, therefore, to fit himself beforehand in every

possible way for the discharge of his onerous duties. In so

doing he will have to acquire the rudiments of Geology,

Chemistry, and Electrical Engineering
;

a good deal more

than the rudiments of Mechanical Engineering, Surveying, and

Plan-making
;
and to make himself master of the mysteries

comprised in the comprehensive terms Practical Mining and

Ventilation. Further, he must be thoroughly versed in the

obligations imposed upon him and his subordinates by the

Acts of Parliament bearing on the subject of Coal Mining,

and by the Special Rules in force in any given district.

The Author is well aware, after twenty years’ experience,

that the best and indeed the only satisfactory preparation for

the efficient discharge of the duties of the Colliery Manager
is that which is to be gained in the laborious school of

experience
;
but he knows also that the wise use of a carefully

prepared and comprehensive handbook—such as he ventures

to believe the volume now in the reader’s hand will be found to

be—would have been to him an incalculable boon in the earlier

vfefars of his course, and hardly less so subsequently as a book
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of reference and of practical guidance. No doubt excellent

handbooks already exist, dealing with various branches of the

subject
;
but the Author’s aim has been in the following pages

to prepare a work more complete in itself than any of its

predecessors, and one comprising the most recent information

as to the ever-progressing science and art of Coal Mining.

In the use of the work by students, it is believed that the

questions and answers given on the various subjects will be

found specially helpful.

The Author gratefully acknowledges the assistance which

has been given him in preparing this work for the press by his

friends Mr. J. T. Robson, H. M.’s Inspector of Mines for

South Wales, and the Rev. J. E. Flower, M.A., of Wands-
worth

;
and also the courtesy shown by the Council of the

Mining Institute of Scotland in granting him permission to

quote the result of their Commission of Mining Engineers, as

given in their Transactions (vol. iii., pp. 51 to 124). Besides

much valuable information which has been obtained from the

Transactions of the North of England and South Wales

Institutes of Mining Engineers, he has also received con-

siderable assistance from the columns of the Practical Engineer

and the Colliery Guardian
,
and from other sources, reference

to which will be found in various pages of the work.

The greatest care has been taken to ensure accuracy in

every respect, but if any mistake has escaped notice the Author

will be thankful to have it pointed out to him.

The preparation of this handbook—which for several years

has occupied such time as the writer has been able to give to

it—has been to him a most congenial task
;
and he ventures, in

sending it forth, to express the hope that the work may be

found as useful to the student, and to those engaged in the

management of collieries, as the preparation of it has been

pleasant and profitable to himself.

Pontypridd,

January , 1891 .
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CHAPTER I.

GEOLOGY.

Stratified and Unstratified Rocks—Dip—Rise—Outcrop—Strike—Diversified arrangement of
Rocks—Faults—Classification of the Rocks into Systems—Igneous Rocks—Description of
the different systems of Stratified Rocks.

The Science of Geology in its widest sense comprises all that is known or can
be ascertained as to the constitution and history of our globe. It has been the

life-study of many eminent men, and as one of the youngest of the sciences has
made amazing progress

;
but our knowledge is still limited to within a mile or two

of the surface and there is room for much speculation as to the interior to which
we have no hope of penetrating.

An examination of the rocks soon led to their being divided into stratified and
unstratified. The former have the appearance of having been deposited in layers

one above another, and that unquestionably by aqueous action. Unstratified

Fig. i.—Stratified and Unstratified Rocks.

A A Stratified, and B Unstratified.

rocks are those which appear in amorphous masses and exhibit no [such signs.

Granite is a specimen of these rocks. Some scientists are of opinion that at one
time the world was entirely in a state of fusion, and that even now the inner

portion is in this condition, the outer crust only having as yet cooled. This
crust in cooling became a hard unstratified mass, most part of which is granite.

In process of time the waters began to deposit layer after layer of other material,

the first layers being imperfectly stratified and called the metamorphic rocks,

because formed partly by water and partly by fire. Then followed the other

deposits, layer after layer through countless ages till the earth’s crust was as we
have it now. The rock beds were not always deposited on horizontal surfaces,

and the result of deposition on an inclined surface would be to form a bed at the

same angle as the surface on which it was deposited. As beds were deposited

C.M.H. B
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over extensive areas there may have been many variations of surface causing the

beds to be inclined at different angles and in different directions. In cases

where beds were originally deposited in a horizontal position, subsequent volcanic

disturbances have frequently changed this into an inclined one.

In the earliest of the aqueous rocks signs of vegetable and animal life are

found beginning with the lowest type. As they died, the waters covered them,
depositing again other layers of sand and clay. In course of time the waters

receded and fresh forms of life appeared, to be themselves buried in their turn

;

each form, whether of animal or vegetable, rising to a higher state of perfection

with each layer.

The great fact to be remembered in regard to these stratified rocks is, that

they have been deposited in regular order all the world over and that each has its

characteristic fossils. Not that every formation of rock was deposited all over

the world, but that ihe order of finding them, if there, remains generally the same.
Sometimes, indeed, a formation is altogether wanting, or the order of their

Fig. 2.—Horizontal and Inclined Strata.

A Horizontal, B B Inclined.

position reversed, but these are exceptions and can usually be accounted for

by denudation or volcanic agency.

The angle at which a stratum inclines to the horizon is called its dip when
viewed in the direction of the fall, and the rise when viewed in the contrary

direction. When an inclined stratum comes to the surface its edge is called the

outcrop
,
and the line of outcrop along a level surface is termed its strike.

The dip is always at right angles to the strike, so that if the dip be given, the

A

Fig. 3.—Unconformable, Bent, and Contorted Strata.

strike is also known
;
but if the strike only be given, the dip cannot be known

from it, because the dip may incline to either side of the strike. When strata dip

in opposite directions from a ridge or line of elevations the axis is termed anticlinal

or saddleback as at A, Fig. 3, and when they dip towards a common line of de-

pression as at B, the axis is said to be synclinal
,
and the depression so formed is

spoken of as a trough or basin. When bent and twisted they are termed con-

torted as at C. When strata lie upon each other in parallel order as at D, they

are said to be conformable ; but when one set reclines upon another at a different

angle they are termed unconformable. The strata are said to be monoclinal when,
though lying at different angles, they all slope the same way

;
periclinal when

dipping in every direction from a common centre. When strata terminate

abruptly in a bold bluff edge, they are said to form an escarpment.

The dislocations, fractures, and fissures produced in the rocky crust by volcanic
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agency are known by such terms as faults
,
slips, hitches, heaves, leaps, throws,

troubles, &V.
Faults may be so thin as to be easily mistaken for the ordinary jointing of the

rocks they traverse. More often, however, there is a considerable space between
their “ walls ” or “ cheeks.” This space is sometimes filled up with debris from
the adjoining rocks, or with matters deposited from the solutions circulating within

them. At others the space is filled with strings or pockets of iron pyrites, oxide

of iron, and other metallic substances, together with quartz, clay, &c. When
filled up with injections or infiltrations of mineral matter, the dislocations are

spoken of as dykes, lodes, and veins .

These disturbances contain carbonaceous matters where they traverse the coal

measures, which may at times be accompanied by metallic minerals. There is

no essential difference between faults found in the coal-measures and the mineral

veins (“ fissure veins ”
) of a metalliferous district. For instance, the great Minerva

lead lode is, throughout a part of its course, the chief fault of the Denbighshire
coal-field.

The displacement in faults is not necessarily caused at one time
;
there is

frequently clear evidence of repeated movement.
They may occur in groups of two or three, with parallel or nearly parallel

bearings, sometimes all dipping in the same direction, but usually two sets dip in

opposite directions. There is often connected with these groups another series at

right angles to them of a somewhat later origin.

A division of the stratified rocks has been made according to their fossils or

the types of life they exhibit as compared with our present orders of life :

—

Cainozoic or Tertiary

Mesozoic or Secondary

Paleozoic or Primary

Azoic

C Post-tertiary.

( Tertiary.

I Cretaceous.

< Oolitic.

(
Triassic.

/ Permian.

Carboniferous.

J Devonian.

Silurian.

Cambrian.

, Laurentian.

Metamorphic.

The igneous rocks are divided into

( i. Granitic Rocks.
Azoic < 2. Trappean Rocks.

( 3. Volcanic Rocks.

The study of the igneous rocks is attended with much difficulty. Their com-
position is somewhat complex, and often two rocks having the same composition

present a totally different appearance owing to the fact that they were cooled under
different circumstances. They have no order of superposition, but have been
erupted from below, and are found traversing the stratified rocks in veins. More-
over they contain no organic remains by which their relative ages can be satis-

factorily established. The igneous rocks contain many valuable minerals,

building stone, &c.

The Metamorphic System is the lowest of the stratified rocks. In it no
signs of organic remains have yet been discovered, and by some it is held that

these rocks never contained fossils
;
that the epoch of their deposition was previous

to the creation of animal or vegetable life on the earth, and hence the meta-

b 2
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morphic period is classed with the igneous rocks as Azoic (destitute of life).

Many, again, think that the signs of life have been obliterated or, perhaps, not
yet discovered, and prefer the term Hypozoic (below life). The Metamorphic is

very productive in a mercantile point of view, yielding marble, slates, serpentines,

quartz
;

metallic veins of copper, lead and tin frequently traverse the beds of

the system. Gold and silver and many precious stones are among the valuables

its beds contain. Plumbago, one of the three forms of carbon, is also a product
of the Metamorphic System.

The Laurentian Rocks are divided into Lower and Upper. The former attain

a thickness of 20,000 feet, and the latter of 10,000 feet. These rocks are stratified,

and they have become highly crystalline. The oldest fossil yet found appears to

be a foraminifer discovered by Sir W. Logan in 1859 Lower Laurentian,

but the Upper has hitherto afforded no fossil.

The Cambrian Group is divided into Lower and Upper. The Lower Cambrian
or Longmynd group is composed of sandstones, which are found in the

Longmynd hills to be some 6,000 feet thick, and the Llanberis slates, about

3.000 feet to 4,000 feet, the whole thickness of the Longmynd group being about

10.000 feet. The oldest fossils in Europe are found in this group. The Upper
Cambrian consists of slates and flags, of a thickness of some 8,000 feet. The
trilobite, a remarkable crustacean, characteristic of the Silurian period, first

appears in this group, and the group bears evidence of a great advance in life.

The Cambrian is largely developed in North Wales.

The Silurian System is also typically exhibited in North Wales. The Lower
and Upper Silurian have a thickness of 20,000 feet, and contain many alternations

and gradations from freestone to sandy flags, from flagstones to shales, and from
shales to calcareous flags and limestones of varying thickness and purity. The
fossils of the Silurian are eminently marine, and consist of numerous species and
genera of zoophites, radiata, molluscs, annelids, and Crustacea, the most charac-

teristic being the trilobite. Traces of fishes are found on the uppermost verge of

the system, or in beds which by some are considered as the basis of the Old Red
Sandstone, but there is yet no evidence of any terrestrial fauna.

In an industrial point of view, the rocks of the Silurian are of no great

importance. Roofing slates and flagstones are quarried, but are not of the best

quality, and building stone and limestone for mortar and manure. Metallic

veins of ore, such as mercury, copper, lead, silver and gold, traverse the system.

The Devonian or Old Red Sandstone, as the name indicates, consists of

sandstones and limestones, the whole being more or less coloured by the peroxide

of iron. The organic remains furnish distinct evidence of terrestrial vegetation,

as well as the earliest traces of vertebrate life on our globe. The plant remains

are by no means plentiful, but the fauna of the system is much more abundant.

Many genera of corals, encrinites, shells, and crustaceans are found, some of the

crustaceans being of gigantic proportions. The fishes seem to have thronged

the waters of the period, and their remains are often found in masses in some
places, and wonderful creations they appear to have been. The existence of

reptiles during the Old Red Sandstone period is a disputed point. The Old Red
Sandstone is from 3,000 to 8,000 feet thick. Commercially, it is not of much
importance. It yields flagstones, building stones

;
the felspars, porphyries, and

greenstones are durable, but difficult to dress into form because of their texture.

No geological era has bequeathed to us a more valuable deposit than the

Carboniferous Period, which succeeds the Old Red Sandstone. Interstratified
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with the rocks we find those valuable seams of coal which are the greatest wealth

of a country.

The system is generally separable into four well-marked groups—viz., the

Lower Coal Measures or Carboniferous Slates, the Mountain Limestone, the

Millstone Grit, and the Upper or True Coal Measures.
The Carboniferous strata throughout are composed of frequent alternations of

sandstones, shales, limestones, coals and ironstones.

The Lower Coal Measure fossils are of a distinctive character, and seem to point

to a fresh-water rather than a salt-water origin. The iron which impregnated the

waters of the Old Red Sandstone period and tinged with rusty red the whole of

that system, now appears in the form of thin layers and bands of ironstone. The
thin seams of coal point to a new exuberance of terrestrial vegetation and indicate

a genial climate. The Lower Coal Measures are very scantily developed in some
districts and in others attain a great thickness, so that it is almost impossible to

state their thickness, although frequently given at 1,000 feet, the Mountain Lime-
stone at from 500 to 1,400, the Millstone Grit at 600, whilst the True Coal
Measures vary from 3,000 to 12,000 feet thick.

The Mountain Limestone is the most distinct and unmistakeable group in the

whole crust of the earth. Its limestones and fossils are so marked and peculiar

as to form a guiding post to the miner and geologist. By far the greater part of

the workable coal seams of Scotland is included in the Mountain Limestone group.
Again, the Mountain Limestone is absent from both the Shrewsbury and South
Staffordshire coal-fields, the true coal measures there resting on the Cambrian and
Silurian Rocks, whilst in Worcestershire, the Forest of Wyre Coal Measures rest

on a bed of Old Red Sandstone. In Shropshire the Silurian rocks form the

general foundation to the carboniferous formations.

Between the Mountain Limestone and the Millstone Grit are a thick series

of black shales called the Yoredale rocks.

The Millstone Grit is composed of a series of hard and coarse sandstones and
shales, usually of a grey, white, or yellow colour, but sometimes red. It is some-
times absent and never attains a greater thickness than 1,000 feet, except in

Ireland, where it is said to be 1,800 feet in some parts. Occasionally it contains
thin seams of coal, but is known to miners by the name of the Farewell Rock,
suggesting that, on a sinking reaching this rock, farewell has been said to the
coal seams of the Upper Coal Measures.

In Derbyshire the Mountain Limestone consists of an enormous mass of

calcareous rocks almost destitute of sedimentary matter and entirely so of coal.

Further north in Lancashire and Yorkshire workable coal seams are found at a
stage earlier than the true Coal Measures—in the Millstone Grit. Still further

north, in Northumberland, several beds of coal are found near the base of the
Mountain Limestone formation. The coals of the Mountain Limestone of

Scotland occupy a position similar to that of those in Northumberland, but in

Scotland the sedimentary strata are more largely developed.
The Upper Coal Measures furnish us with those valuable beds of coal which

contribute so much to our country’s prosperity and power. The series sometimes
occur immediately above the Mountain Limestone, the Millstone Grit being then
wanting. One of the most notable features in its composition is the frequent
recurrence of seams of coal, of bituminous shale, all speaking of an enormous
profusion of vegetable growth. The organic remains of the Coal Measures are
peculiarly well defined. The fishes are chiefly of large size, and of a sauroid
character. In certain fields are evidences of terrestrial life in the skeletons of

reptiles, fragments of land shells, and remains of insects. The great feature of

the period, however, is the abundant flora, which comprise forms which are now
only distantly represented in tropical swamps and jungles, and point to a tropical

condition of climate.
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It must be borne in mind that the coal is composed of carbon, hydrogen and
oxygen, elements which enter into the composition of vegetable organisms, so that

the coal seams are not the result of a deposition, like the associated sandstones
and shales. The most reasonable theory as to the origin of coal seems to be that

it is the remains of vegetable matter which became decomposed and mineralized
on the spot where it grew, and where it is now found. The luxuriance and pro-
fusion of the vegetable growth point to conditions of climate very different from our
own at the present time. This vegetation would be produced abundantly on the

borders of great lakes and estuaries, and vast lagoons would be formed. In
process of time these layers of vegetation would be carried down beneath the sea-

level, which consequently flowed over it, depositing layers of sand, silt and mud,
which we now find alternating with our coal seams as beds of sandstone and shale.

The downward movement must have been irregular or intermittent, and in the

long pauses the sediment would fill up the lagoons, and fresh jungles would
spring up, which, when the downward movement set in, would be in turn entombed
beneath the silt and mud of the sea waters. Each coal seam thus represents the

vegetation of an old land surface, and the alternations of sandstone, shale, fire-

clay, &c., represent the different sediments which were brought together by the

combined action of the sea and estuarine waters during the slow and irregular

subsidence of their beds. It will be noticed that nearly all coal-fields are basin-

shaped, and that each coal seam has characteristics peculiarly its own, often

prevailing over very wide areas. Besides the distinctive features in the formation
of coal seams, the coal obtained from one differs from that yielded by another,

and frequently one coal seam gives different qualities of coal.

The differences arise chiefly from the difference of chemical composition, as

the hydrogen, oxygen and carbon are present in the coal in varying states

of combination.

Different samples of coal give out amounts of heat during combustion which
are not always anticipated from their chemical composition, or the heat which
would be expected from analysis.

For this reason the different coals used in boiler tests should be experimented
on, to ascertain the actual heat of combustion, as well as that estimated from
analysis, otherwise the results of the tests made may be quite misleading.

Commercially the Carboniferous is the most important and valuable system to

man. It yields building stone of the best quality, limestones for many purposes,
marbles, fire-clay, ironstone, ochre, alum, copperas, and coal of various qualities.

The Mountain Limestone yields ores of lead, zinc, antimony, and sometimes
silver and gold.

Succeeding the Coal Measures we have the Permian. It would seem that

the iron which occurred in such quantities in the Carboniferous period is found
in the Permian above and in the Old Red Sandstone below in the state of an
oxide tinting the sandstones red. The Limestones of the Permian are remark-
able for the fact that they in some places contain 44 per cent, of carbonate of

magnesia mixed with the carbonate of lime. Its fauna is like that of the late

palaeozoic era, the fish still retaining the heterocercal tail, but after this we find

the homocercal tail gains the ascendancy, until in our own time only a few hete-

rocercs exist. The Permian has not many striking features : a few veins of lead
and zinc traverse the magnesian limestone, but the deposits are not rich. It

yields also building stone, gypsum from some of the marls, and in Germany the

Kupfer-schiefer has been long mined as an ore of copper. The Permian is about
600 feet thick.

The Trias or New Red Sandstone, the latter name being given because
reddish hues prevail throughout its sandstones and shales in the British Isles,
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as a group is very imperfectly developed in England, but in Germany the

formation is well exhibited. In it the clays, the limestones, and the sandstones

are so distinctly arranged as to give rise to its name of Trias. The limestone

deposit is wanting in England, and as the best fossils are to be found in these

limestone rocks we have not the local facilities for an extensive knowledge of

the flora and fauna of the period. The plants of the Triassic have a strong

resemblance to the flora of the Lias and Oolite above, consisting of ferns, cycads,

and conifers. The industrial products yielded by the system are sandstones of

varying quality, calcareous flagstones, limestone, gypsum, and rock-salt. The
Trias is about 1,400 feet thick in England.

The Lias, which follows the Trias, is composed of dark argillaceous limestones,

bluish clays, and bituminous and pyritous shales. The fauna of the period is

diversified and interesting. Upwards of 120 species of ammonites have been
discovered. The most interesting feature in the life of the age is the appearance
of reptiles of extraordinary size and structure, such as the Ichthyosaurus and
Plesiosaurus.

The ironstone of Cleveland, in Yorkshire, which lies in thick beds, is in the Lias

and is now extensively worked. Ironstones in other parts have also been found
in the Lias.

The Lias is about 800 feet thick and yields a limestone largely quarried for

mortar and hydraulic cement.

The Oolite.

—

Above the Lias in the South and West of England is the Oolite.

It consists of alternations of oolitic limestones, calcareous grits, shelly conglom-
erates, yellowish sands, and thick bedded, bluish grey clays more or less cal-

careous.

The flora of the era was extensive, as may be gathered from the fact that at

Brora, in Sutherlandshire, there is the thickest stratum of coal found in any
English Secondary rock. It has been worked for a long period, the seam being

3I feet thick. Near Richmond, Virginia, is a coal-field of considerable extent

belonging to the epoch. The Oolite yields sandstones like those of Bath and
Portland, excellent for building purposes. It also yields Fuller’s earth, jet, a

compact variety of coal, and lignite or wood coal is also found, but it is not of

much economic value. The Oolite is about 1,800 feet thick.

The Cretaceous System.—The lowest member of the Cretaceous is the

Wealden
;

this deposit is of fresh-water origin, and there have been no ammo-
nites, nor corals, nor a shell which tells of the presence of the sea in the

Wealden group. But the bones of terrestrial animals and the fossils of land

plants, all declare that the Wealden owes its existence to some great river which
brought down mud from the continent it drained, depositing a delta. The Upper
Cretaceous is composed of well-defined marine sands, dark marl clays, and thick

beds of chalk. The organic remains found are sponges, corals, star fishes,

molluscs, Crustacea, fishes and reptiles. The fossil plants are comparatively rare.

Industrially, the chief products of the system in Great Britain are chalk and
flint. Several of the workable coal seams of Vancouver Island, and British North
America, belong to the Cretaceous epoch. The Cretaceous is over 2,000 feet

thick.

The Tertiary, following the Cretaceous, offers phenomena in its beds and
fossils not unfamiliar to modern observation. From the similarity of the forms of

life of the Tertiary epoch to those animals which are now found on the earth, the

period, looking at it from this point of view, has been called Cainozoic. The
Tertiary is not typically developed in England. The lower groups consist of
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clays, sands, and gravels, with interstratified limestone, calcareous grits, marls,

and occasional layers of lignite. The industrial products are building stone and
marbles of various quality

;
pipe and potters’ clay, gypsum, or the well-known

“Plaster of Paris,” Lignite or “brown coal,” and amber. The Pleistocene is

the Upper group of the Tertiary, and it embraces under one head the clays,

sands, gravels, and boulders generally known as the Glacial period, or “ drift

formation.” It is almost unfossiliferous. In some parts of Britain the drift con-

sists of fragments of all the older rocks, from the granite to the chalk, inclusive.

It would appear that this “ drift ” was the result of an Arctic or frozen climate

setting in after the deposition of the lower group of the Tertiary, with glaciers to

wear and furrow the surface of the land, and with icebergs and ice-floes dropping
off the shore to transport the eroded material into deeper water. The Tertiary is

about 2,800 feet thick.

A remarkable instance of rock believed to have been deposited in glacial times,

is that at the Stevens Mine, in Mount M'Clellan, California, its altitude being

2,500 feet. At a depth of from 60 to 200 feet, the vein, consisting of silicia calcite

and ore, and also the surrounding wall rocks are a solid frozen mass. Many other

mines in the same vicinity have similar belts of frozen ground, and as they are at

considerable depths from the surface, where there are no openings for air currents,

the theory is that the frozen mine is due to imbedded icebergs of the glacial

period. There has been no diminution in the frost in descending, and the

frozen material is so hard as to render the miner’s pick and drill of no use in

excavating it.

The Post-Tertiary embraces all the accumulation and deposits formed
since the Glacial period. At its close the present distribution of sea and land

seems to have been established. Page says, in his work on Geology, to which
reference has been made in preparing this chapter, that the earth also appears

to have then had its present flora and fauna with the exception of some local

removals of certain plants and animals and the general extinction of a few

species. Theoretically the accumulations of the present era are not only of high

interest in themselves, but of prime importance in furnishing a key to the

complicated phenomena of former epochs. Practically they present many im-

portant features to the farmer, engineer, and navigator, and furnish us industrially

with such products as brick, clay, sand, marl, peat, pumice, sulphur, brown coal,

and amber.



CHAPTER II.

SEARCH FOR COAL.

In Untried Districts by the Application of Geological Knowledge—Search in both an Unknown
and Proved Coal-field by Boring—The Operation of Hand-boring by the Use of Rigid

Rods—Boring with the Diamond Drill—Application of the Result obtained by a Series

of Bores—Search for Coal in South Staffordshire— Search for Coal in Kent.

The search for coal in an altogether unknown district is putting the geologist's

knowledge to a practical test. He carefully examines the district, making use of

roadsides, quarries, cliffs, protruding rocks, the beds of streams, railway cuttings

(if any) and ploughed fields. He may by these means be able to ascertain

whether the rocks are carboniferous, and if so he must pursue his investigations

further. An'actual outcrop of a coal seam may be discovered, or the dark appear-

ance of the soil over a freshly ploughed field may indicate the proximity of one,

in which case he would remove the soil at places most likely to prove the existence

or otherwise of coal, and having found it, he would probably drive a heading into

it to prove its dip for some little distance, the direction and amount of which would
be noted. But should he have proved the rocks to be unquestionably carboniferous

(and the fossils should be an infallible guide to him) his failure by a personal ex-

amination to find coal will by no means be conclusive, and he will have to resort

to boring. Sometimes, too, the coal measures are covered by the secondary or

tertiary rocks, beneath a comparatively thin covering of which the coal measures
may be found. Even in a district where coal has been proved and worked, it is

often necessary to bore, as before deciding on the site for a shaft it is of import-

ance to know the direction and amount of dip, the nature of the rocks to be sunk
through, and the quality and number of the seams to be won. The outcrop of a

seam, it must be remembered, affords but little indication of the quality of the coal,

as it is much deteriorated from being exposed to atmospheric influences. A per-

sonal survey having met with encouragement, boring should be resorted to so that

the depth and thickness of the seam or seams, and their inclination, may be
ascertained to guide the sinking of shafts to win the coal.

The operation of boring may be classified under two distinct heads. The first

proceeds by means of a suspended tool, to which is given a percussive motion by
either hand or steam-power, and also a rotary motion either by the apparatus

itself or by the attendant, the latter motion taking place between each fall of the

tool. The second consists in giving motion to a rotating tool which is hollow in

the form of a tube, as in a drill used by a Diamond Boring Co.
The ordinary process of hand-boring consists first in erecting the headgear,

Fig. 4, over the bore-hole for the purpose of supporting the tackle by which the

bore-rods are drawn out of or lowered into the hole, when it is necessary to clean

out the hole or change the cutting chisel. The headgear may be made of three

good, sound Norway spars 8 or io inches in diameter, 40 feet high, and formed
as a triangle; or four legs may be used with cross pieces

;
a pair of blocks are

hung from the top, or they may be further multiplied according to the depth of

the hole. A rope is passed through the blocks, one end of which is attached to

a winch and the other hangs loose over the end of the bore-hole. The windlass
should be 1 2 inches in diameter and be fitted with a pawl and brake, so as to
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regulate the speed with which the rods are lowered. The following are the
tools used as described by Greenwell in his Mine Engineering :

—

The Ordinary Bore-Rods, Fig. 5, 1 inch square, made of best wrought iron

6 or 9 feet long with a male screw at one end and a female screw at the other.

Lengtheners are from 4 to 30 inches long, and of the same section as ordinary
rods.

Chisels, see Fig. 6, are 18 inches long and from 2 to 2\ inches in breadth on
the face, which is of the best steel

;
they weigh about 4J lbs.

Fig. 4 .—Head Gear and Windlass
for Boring. Fig. 8.—Beche.

Fig. 7 —Wimble.

Fig. 9. -Rounder.

The Wimble, Fig. 7, is 3 feet long, the lower 2 feet being cylindrical, the

bottom being partly covered for the purpose of retaining the core in the instrument.

It is made of wrought iron of a size suitable “ to follow” the chisel.

There is an opening a little up one side of it to admit of the loosened material

entering it. The wimble is also used for boring through clay.

The Sludger is also 3 feet long and somewhat resembles the wimble
;
the lower

cylindrical part has no opening in it, but the bottom has a clack for the purpose

of retaining borings of a soft nature.

The B£che, Fig. 8, is used for the purpose of extracting broken pieces of

rod in case of fracture. It is about 25 inches long and hollow for about

16 inches up. The diameter of the cavity at the bottom is if inches tapering

up to | inch.
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In case of the rods breaking, the part above the fracture is withdrawn, the b£che
being screwed on to take the place of the broken rod. It is then lowered sharply

on to the broken rods in the hole, the force causing them to enter the tapering

cavity of the beche, which grips them whilst they are drawn up.

Rounders, Fig. 9, have the appearance of the b6che, but are solid and well

steeled at the bottom. They are used for breaking off any irregularity in the holes.

The Bracehead, Fig. 10, is a piece of oak or ash 3 feet long and 3 inches in

diameter in the centre tapering slightly towards either end, and this is

passed through an eye formed in

a piece of iron screwed on to the

top rod. A man stands at each
side to lift the rods and turn them
partly round in the hole. For
greater depths than 10 fathoms a

double bracehead is used. It con-

sists of two similar pieces of wood
passed through two eyes in the iron

at right angles to each other. Four
men stand one at each arm of the

double bracehead, to lift and turn

the rods, and thus a depth of 20
fathoms is attained.

A Brake, Fig. n, is used below a depth of 20 fathoms. This is simply a lever

of Memel fir 10 or 12 feet long, the fulcrum being 18 inches or 2 feet from one

Fig. 11.—Brake or Lever for Boring.

end. At its extremity is placed an iron crook, a rope being attached to it and
to the bracehead. Two or more men at the other extremity press down the brake

Fig. 12.—Runner. Fig. 13 .—Topit. Fig. 14.—Key.

and so raise the rods, another man then turns the bracehead partly round, and the

men at the brake let it go suddenly, causing the chisel to cut into the ground.
When it is desired to take the rods out, the bracehead is unscrewed and a runner

,

Fig. 12, is attached to the rope which fits on to the iopit
,
Fig. 13, which is then

screwed on to take the place of the bracehead. The windlass is used for drawing
up the rods as far as the shear-legs will allow, when a Key

,
Fig. 14, is passed

under the bottom joint above the bore-hole, and this key holds them in position

whilst another key is used for unscrewing them.

Another topit is screwed on the remaining portion of the rods, and by means of

the runner another portion lifted by the windlass. The process is continued till

all the rods are drawn out.
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, T
Fi£* T 5 shows a group of improved boring tools, as

Messrs. Thornewill & Warham, of Burton-on-Trent, and
singly or in sets.

manufactured by
supplied by them

Fig. 15. Messrs. Thornewill and Warham’s Improved Boring Tools.

List of Boring

1. Shoe-nose shell with valve for bringing up loose
stuff.

2. Wrought-iron screwed well bore pipes.
3. Auger for clay and stiff soil.

4 and 5. V-nose chisels for hard ground.
6. Shell-auger with valve for loose and wet soil.
7. Bell-shell with valve for loose gravel.
8. Lifting dog for raising rods.

9. Pair of rod-wrenches for screwing and unscrewing
rods.

Tools in Fig. 15.

10. Levers for turning rods.
11. Spring dart for drawing pipes in bore-holes.
12. Bell-box for bringing up broken bits.

13. Spiral worm for extracting broken rods.
14. Worm auger for loosening stuff in bore-holes.
15. Square-nose chisel.

16. S-nose chisel for hard strata.

17. T-nose chisel for hard strata.
18. Rods with screw joints in 5 and io-foot lengths.
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The depth of a bore-hole is measured by the number of rods, and the

kinds of strata judged by the borings brought up by the tools used. Changes in

the stratification are noted by the charge-man, who is guided by the sound and
sensation through the hands when the rods fall, and he marks each change on
the rods.

As the depth of a hole bored in this way increases the rate of progress

decreases, and when a great depth has been reached a considerable amount of

time is occupied by the necessary changes in the tools, and very little in actual

boring. In cutting hard rocks far beneath the surface this system is extremely

slow and expensive. A steam engine may be used, so as to give more power in

lifting the weight of rods, which becomes excessive as the bore-hole reaches a

great depth, but even then the process does not admit of rapid boring. The
vertical engine usually gives motion by means of belting to a shaft carrying a

cam roller, and this lifts a wooden beam or lever near that end from which the

boring rods are suspended. At every two or three revolutions of the small engine

the cam roller makes one, thus raising the beam and allowing it to fall. The
other end of the beam rests in a trestle, which acts as the fulcrum, and allows of

change by sliding the trestle nearer the rod-end of the lever. Between it and the

cam roller is placed a strong, upright column to receive the lever on its descent,

and this is protected on the top by a cushion of india-rubber to break the shock.

In boring by the diamond drill a wrought-iron H-shaped frame is used to

carry the machinery necessary for boring, pumping, and raising the rods. A
portable engine is used to do all the work, and the system requires only the

services of two or three attendants. The power is transmitted from the engine
by means of belting and an arrangement of gearing. A set of shear-legs is

erected which carries a pulley immediately over the bore-hole, and one end of

a chain passes over this pulley, the other being attached to a power-crab, which
may be set in motion by the steam engine when desired. By this means the

rods are raised and lowered. The machine carrying the cog-wheels and shafting

is moved when it becomes necessary to draw the rods. To render this easy a

short length of rails, is laid down to receive the machine, and facilitate changes
in its position.

The boring rods are carried, and receive their rotary motion by means of a
vertical hollow rod. Attached to the upright side-frames of the machine are

slides, and in these work a crosshead having a rise or fall the length of the

slides. It supports and guides the vertical rods, so as to ensure their being
perpendicular.

This cross-head also conveys the necessary pressure to the crown whilst

rotating, balance weights being attached to it by chains and pulleys.

The pressure is controlled and regulated by means of the weights. The upper
part of the rod is slotted, thus allowing of its upward movement through the cog
transmitting the power, and on the top is placed a water union, joined up to a
force-pump by means of flexible hose and iron pipes. The pump is set in motion
by means of a belt and suitable gearing.

The boring tool consists of different parts, and is shown in Fig. 16, G being
the crown, F the core-trap, E and D core-tubes, and C a sediment tube.

The crown, G, is a steel ring, having grooves cut in it as shown in the drawing,
which enable the water to pass freely under it as the boring proceeds. There
are 9 diamonds placed in the crown, 3 being inside, 3 outside on the base, and 3
on the circumference. For large holes more diamonds are fixed in the crown.
The diamonds are placed in holes prepared to receive them according to their

shape, and the metal is drawn round on every side of each diamond by means of

a punch, until only a very small portion of the stone projects beyond the surface
of the steel ring.



14 SEARCH FOR COAL

The crown, G, screws into the core-trap, F, which is a short length of steel

tube of special construction, the inside being slightly convex. In it is fitted

an expanding ring for securely holding the core whilst the rods are being
drawn. There is nothing special in

the construction of the core-tubes,

E and D
;
they are made of steel,

and threaded at the ends for attach-

ment. One or more lengths of

core-tubes may be used, but if only

one be attached a core of great

length cannot be extracted
;

it also

renders necessary a more frequent

change of the rods.

In hard rock 20 feet is the length

of core-tube adopted, and for this

length the shear-legs must be 40
feet high.

The top of the core-tube is solid,

but is provided with a threaded
opening in the centre, into which
are screwed the boring rods, A.

Above the core-tube is the sedi-

ment tube, C, screwed on to it. Its

object is to collect the sediment
washed from under the crown as

the boring proceeds. As shown in

the drawing the crown is slightly

larger than the other portions of

the boring tool, so as to reduce

friction.

The manner of procedure is as

follows :

—

The boring tool, with one length

of rod attached, is lowered into the

bore-hole by means of the chain

over the shear-legs pulley, and is

then suspended by clamps placed
over the bore-hole until one or more
lengths of rods (which consist of

ordinary tubes threaded at the ends)

are raised by means of the chain,

and attached by screwing to the

rods held by the clamps. All is

then lowered together, and again

suspended by clamps. This process

is repeated again and again until

the crown reaches the bottom of the

bore-hole. The machine is then

moved forward on the rails into its

working position, the cross-head

lowered, and the hollow shaft screwed on to the boring rods.

The rods are then given a rapid rotary motion (from 200 to 300 revolutions

per minute), and the motion of the rods being transmitted to the crown an
annular channel is cut by the diamonds, and as the rods descend the core formed
inside the channel enters the core-trap, and afterwards the core-tubes. As the

Fig. 16.—Method of Boring with the Diamond Drill.
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rods are revolved the pump is set in motion, and water is forced down the hollow

rods, A, as shown by the arrow, at a pressure which must be sufficient to cool

the crown, and keep it clean by sweeping away the eroded material. After

passing under the crown the water returns to the surface by the annular space

formed between the walls of the bore-hole and the boring rods, as shown by the

arrows.

Unless the ground is soft and friable the core formed is solid, and will not

break till the act of withdrawing the rods takes place, when it parts at the base

and is retained within the core-tube by the expanding ring. Upon reaching the

surface these cores are all accurately numbered and safely housed by the

attendant in charge, who also enters all notes as to stratifications between the

numbers of cores not extracted, and is responsible to his employer for the pre-

servation of an accurate account of the strata.

In boring through surface clays or other soft material, the ordinary method of

boring compares favourably with the diamond drill, but in hard strata and for

depths exceeding 100 yards, the diamond drill works to great advantage, being

more expeditious and not more costly.

The bore-holes may be wholly or partly lined with tubes to prevent the lateral

pressure choking the hole, and also to prevent water entering from the strata at

the side, which would otherwise represent a certain amount of pressure to be over-

come in maintaining the water-flow pressure down the boring rods. The lining

tubes in some instances are quite as necessary in some sections of dry borings,

in order to prevent the feed-water escaping through porous strata frequently found
near the surface and always adding to the power required to maintain a given

pressure of water. Occasionally a bore-hole is commenced by the ordinary

method, and on reaching a certain point where harder strata are found, it gives

way to the diamond drill. Again, a bore-hole is sometimes undertaken by the

diamond drill from the bottom of an existing shaft to prove the lower strata there.

In some instances borings have been put down by the diamond drill from the

bottom of heavily watered sinking pits to the coal workings below, after which
the sinkers were enabled to proceed in a dry shaft to complete the sinking. The
diamond drill cuts the hardest rock at rates varying from 2 inches to 8 inches per

minute.

In bore-holes of small size, unless the seams of coal passed through are

extremely hard, the action of the drill grinds them and the specimens appear in

the core-box in a pounded condition. If the bore-hole is of somewhat larger

size, this will not be so noticeable, and if the specimen of the coal seam is protected

by hard rock over it in the core-box as shown in the drawing, a very perfect

specimen of the seam may reach the surface. Where, however, the coal is of a

soft nature and it forms the top portion of the core entering the core-box, the

weight of water in its descent will wash a considerable portion of the coal away,

and this may lead to an erroneous section of it. A valve has been placed on top

of the core-tube with a view to take the weight of water off the whole core, and
possibly some of the Boring Companies adopt this practice now.
The diamond used is in a different state from the gem, and is technically called

a carbonate, but the substance is really carbon in an imperfect state of crystallisa-

tion, and this rough diamond while as hard as the ordinary diamond, does not so

easily break. It is black in colour, and may easily be mistaken for coal
;

it is

supplied from the mines of Brazil in the district of Bahia
;
and no diamonds

of the same class or quality have been found in any other diamond fields.

Experiments have been tried with other substances, but none compare with the

carbonate in fitness to cut hard strata. A piece of carbonate the size of a large

pea, will cut a hole in sandstone, half a mile deep or more, without sensible

abrasion to its surface, and although in harder rocks than sandstone the

abrasion is more, it is still very slight. The loss on the crown from the act of
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drilling half a mile is very slight, but the diamonds get broken from other

causes. If a jar breaks one, it causes more jarring and leads to the breakage
of others, and as the diamonds are costly, the loss to the Boring Company
becomes serious.

A great advantage of the diamond-drill boring is that the hole is kept true

and vertical, and this cannot be assured in other systems. Then the cores

frequently contain whole and uninjured fossils characteristic of the strata,

which but for this evidence would remain uncertain of classification. Thus
the sub-committee of geologists connected with the Sub-Wealden bore-hole

near Hastings, state that the determination at which they arrived with refer-

ence to the position of the strata was “ due to the manner in which large cores

were brought to the surface by the Diamond Rock-Boring Machine, so that a

number of fossils were obtained entire, the species of which could be accurately

determined.”

The percentage of cores obtained by the diamond drill seems to vary from about
60 to 90 in bore-holes of small size. The boring rods are subject to accident,

occasioning delays, such as breakages and jams, but they are not more difficult

to deal with than are the breakages inseparable from other modes of boring.

When a trial of the diamond was first made to ascertain its suitability for the pur-

pose of boring, it was given a percussive motion, but experience soon showed it

to be better adapted for abrasion.

On the introduction of the system the holes drilled were under 2 inches in

diameter, and the cores produced were about f of an inch in diameter. Conse-
quently difficulty arose in securing cores in soft strata, although the result in hard
rocks was quite satisfactory. On this account and also to give room for lining

tubes, the bore-holes have been gradually increased in size. Where they have

been of large size, 100 per cent, of cores of the strata have been obtained even

with the softest of rocks. For instance at Caerphilly, in South Wales, in a hole

put down to a depth of 1,007! feet m 1874, the cores yielded showed a

complete section of the strata passed through, and the samples of coal were

satisfactory.

Bore-holes of 26 inches in diameter yielding cores 23! inches in diameter have
been put down by the diamond drill.

The deepest bore-hole known is that made at Schladebach, Leipzic, to a

depth of 5,736 feet. It was commenced n inches in diameter in the Trias, and
after passing through the Permian entered the Old Red Sandstone, the size of

the hole having been reduced to 1*22 inch at the bottom.

A bore-hole at Sperenberg, Berlin, was made by means of rigid rods to a depth

of 4,170 feet, and took 4§ years to accomplish. A boring for salt near Lubtheon,

in Mecklenburg, was carried out by a diamond drill to nearly 4,000 feet, and was
completed within 6 months. The boring was not only wonderfully successful

in the speed with which it was accomplished, but was further distinguished

by the hole yielding 100 per cent, of cores, one specimen of rock-salt being over

20 feet long.

No virgin property of a size to require any borings on it, should have less

than three, and it may be wise to put down more
;
but in a neighbourhood free

from faults and dykes, and proved by winnings all round, none will be necessary.

It is natural to let the first be nearest the rise. It must be remembered that the

depths as proved by boring through inclined strata do not give the true thicknesses

of such, as the bore-hole is perpendicular and the line of stratification does not

often form a right angle to it. The true thickness of a stratum is found by
multiplying the thickness as proved in the boring by the cosine of angle of dip.

Thus, if a stratum was proved to be 1 fathom thick in the boring where the dip

was at an angle of 30°, the true thickness would be *866025 of a fathom or 5*19615
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feet. Tables of incline measure may be obtained showing the comparative

lengths of the hypothenuse, horizontal, and vertical legs of a right-angled

triangle for every degree of the quadrant.

Supposing three bore-holes to be put down on a property at equal distances

apart, say 500 yards. No. 1 being nearest the rise and proving the coal at a

depth of 15 fathoms, No. 2 fully to the dip of No. 1, as well as can be ascer-

tained, proving the same seam at a depth of 30 fathoms, and No. 3 still fully to

the dip of No. 2 as nearly as may be judged, proving the same seam at a depth

of 50 fathoms, all the bore-holes being at the same surface level. It would appear

that the dip of the strata from No. 1 to No. 2 bore-hole was 500 -f- 60 yards —

30 yards = -5^? = 16*6, that is, 1 in 1 6*6, and from No. 2 to No. 3, 500 -j-100

— 60 2*5, that is, 1 in 12*5, supposing there were no faults or dis-
500 __
40

—

locations in the strata to upset the calculation.

Suppose now 4 bore-holes are put down on a property, and there are no other

means of forming any idea of the dip. No. 1 proves the coal at a depth of 85
fathoms, No. 2 is due South of No. 1, by the magnetic needle, and proves

the coal at 80 fathoms, being 500 yards from No. 1. No. 3 lies S. 50 E. of

No. 1, and is 300 yards distant, proving the coal at a depth of no fathoms.

No. 4 is S. 40 W. of No. 1, 250 yards distant from No. 1, and proves the coal at

64J fathoms, all the bore-holes being at the same surface level. The direction

of full dip and its extent may be determined as follow.

By plotting as shown at Fig. 17, or by trigonometry, it will be found that the

distance between No. 2 and No. 3 would be 383*62 yards. The difference in

level between the seam at No. 2 and No. 3 bore-holes is 220 yards — 160

= 60 yards and $3 $ = 6*39, that is the seam dips from No. 2 towards

No. 3 at the rate of 1 in 6*39. Now, to find the level course of the seam, follow

along
L
the course from No. 2 towards No. 3 until a point is reached 5 fathoms

or 10 yards below the seam at No. 2 bore-hole, because the difference in the depth
between No. 1 and No. 2 is 85 — 80 = 5 fathoms. To gain 10 yards of fall along

a course dipping 1 in 6*39 follow it for a distance of 6*39 x 10 = 63*9 yards.

Therefore a line drawn from No. 1 borehole to a point in the line connecting

No. 2 and No. 3, and 63*9 yards distant from No. 2, gives the level course of the

seam, and by means of plotting or from the computed value of the angles, it may
be seen that the bearing from Nos. 2 to 3 bore-holes is N. 36° 48' 9" E., and that

of the level course of the seam S. 4
0

52' 29" E. from No. 1. The full dip would
be at right angles to this or N. 85° 7' 31" E. To get the amount of dip, draw
a line connecting No. 3 bore-hole with the level course of the seam and at right

angles to it. Such a line would measure 212*6 yards, and since the difference

of level in the seam between the two ends of it is no fathoms — 85 =25
fathoms, or 50 yards, we have --

12 ^ = 4*25, so that the full dip would be 1 in

4*25 in a direction N. 85° 7' 31" E.

In the same way it can be shown that a line drawn from No. 4 bore-hole to

join the line representing the level course of the seam and at right angles to it

would measure 176*4, and taking the dip at 1 in 4*25 as proved on the other side

of the level course 4 = 41*5 yards or 20*75 fathoms, and 85 — 20*75 =
4*25

64*25 fathoms as the depth of No. 4 bore-hole to prove the seam, which is the

depth given, a reasonable conclusion from which would be that the coal on the

property was fairly free from faults. It is only right to say that these calculations

are often upset by faults running between the position of the bore-holes, and when

C.M.H. c
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these are suspected to be on the property, more bore-holes should be put
down before the sinking is decided on.

In coalfields having carboniferous rocks exposed on the surface the outline of

the basin may be traced by following the course of outcrop of the upper edge of

millstone grit or other strata underlying the carboniferous, if conformable to

them. Any estate being within the coal measure or productive area as shown on

!

jl

Fig. 17.—Plan showing Position of Bore-holes. Scale 6 chains to i inch.

a geological map would usually be expected to comprise coal seams. If

situated to the rise of the lowest seam’s outcrop, no coal would be available,

although the rocks might belong to the lower members of the carboniferous period.

Where a coalfield is known to exist over a certain extent of country by its

coal-bearing portion of the carboniferous rocks outcropping in some places and
disappearing in others under Permian or newer rocks, which lie unconformably

on them, there is much room for speculation as to the extent of the coalfield.

Under such circumstances the search for coal of course becomes far more
intricate.
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As an instance of the difficulties of such a search may be cited that of the

South Staffordshire Coalfield under the “red rocks.”* A fault which exists

in the neighbourhood of West Bromwich appeared to cut off the coal measures
which are exposed to the westward. To the east of this fault the coal measures
are covered by “red rocks.” About 1839 the Earl of Dartmouth sank the

Heath Pits f of a mile or thereabouts to the east of the boundary fault, and
these pits passed through Lower Permian rocks overlaying the coal measures
and proved thin seams of coal, thus showing that a further productive area

existed of unknown length, but J of a mile in width. As the Heath Pits did

not find the Staffordshire thick coal, a “ heading ” was driven eastward, and a

boring upwards from the end of the heading proved “ red rock,” while another

downwards from the same point struck a hard rock, afterwards believed to be
Silurian. After these failures to find the thick coal, one of the thin seams was
followed to the west, towards the old or previously known portion of the coal-

field, and this led into the thick coal.

Sir Roderick Murchison was of opinion that the shaft had been sunk upon a

line of dislocation, the continuation of the upcast of Silurian rocks of Walsall and
Thame Bridge.

Professor Jukes thought there was a sudden rise of Silurian rocks through the

coal measures, forming a bank, and that this bank had been favourable to the

formation of sandstone and the accumulation of clay, but unfavourable to the

formation of coal. Silurian shale having been found in a pit at Langley Mill,

Oldbury, Professor Jukes assumed the bank to be continuous for that distance

—about three miles.

While opinions differed as to what lay to the east of this bank, none were
favourable to the existence of workable coal seams.

Sinkings as indicated below in the newly-found tract of productive coal

measures were stated to have proved various thicknesses of red rock (Permian)

resting on various thicknesses of coal measures believed to have been denuded.

Coal measures over
thick coal.

520 feet.

350 ,,

40 „

33° »

Abandoned.

It was thought that these sinkings indicated a thickening of Permian beds to

the eastward, while the coal measures below would unconformably be still further

denuded. Professor Jukes considered it probable that a little further to the east

of the Heath Pits, the coal measures would be entirely wanting, and the Permian
rest directly on the shale of the Silurian formation.

The boring at the “Ruck of -Stones” lies more than a mile east of Bullock's

Farm Pits
;
and the fact that the strata between them have a dip eastward of about

10 degrees, shows that the 700 feet of Permian at Bullock’s Farm are wholly
below the 664 feet proved at the “ Ruck of Stones.” From this Professor Jukes
estimated that in the neighbourhood of West Bromwich there must be at least a
total thickness of 1,500 feet of Permian rocks.

On the assumption that the coal measures had not been subject to denudation
and that the rocks to the eastward of the Silurian bank retained a normal thick-

ness, it was argued that in any sinking for thick coal 1,500 feet of Permian and
1,000 feet of upper coal measures might be expected before reaching it.

* See Colliery Guardian, May 14th, 1875.

Lewisham Pits

Lyng Colliery

Heath Pits

Bullock’s Farm Pits

Unitt’s Boring at the
“ Ruck of Stones -}

Permian over
coal measures.

315 feet

550 „
806 „

i OO % «

664

C 2
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For many years these opinions of geological authorities had the effect of pre-

venting trials on the doubtful ground, but at last the Sandwell Park Colliery Com-
pany, under the direction of Mr. Henry Johnson, made the venture, and as a

reward for their enterprise struck the thick coal at 418 yards from the surface

about the beginning of 1875.
The red rocks at Bullock’s Farm and other West Bromwich sinkings were

proved by the Sandwell Park sinkings to be coal measures instead of Permian as

previously supposed. The Sandwell Pit is a mile to the eastward of Bullock’s

Farm. As fixing the position in the pit where the coal measures were
struck, fossil plants found at a depth of no yards in red measures were stated by
authorities on the subject, to be Permian. At a depth of 200 yards a thin seam
of coal 7 inches thick was proved. Above the coal was a black shale containing

fossil plants, some of which were identical with those found at 1 10 yards, whilst

beneath the coal was a bed of fire-clay containing Stigmaria . At 230 yards a

second coal seam 6 inches thick was struck, and a third of the same thickness at

a depth of 244 yards, while at 418 yards the thick coal, the object of this patient

and enterprising search, was attained. The shaft therefore entered the coal

measures at a depth of no yards or less, showing that there is a greater thickness

of coal measures over the thick coal at Sandwell Park Colliery than was proved

by the pits previously sunk through the Permian strata.

As another instance of a successful search for coal we may mention that

near Dover, in Kent. This discovery is full of interest to the geologist, and as

it is within a workable depth it may create a very important industry in the

South of England.
Previously, no true coal has been found in England to the south of a line join-

ing Bath and Stamford and continued to Great Yarmouth, though lignite coals

were known to exist in the Wealden strata of Kent, Surrey, and Sussex. An
examination of the formations of strata (which are much newer than the car-

boniferous) prevailing over most of the area indicated would of itself not appear

hopeful, yet geologists have reasoned for many years that there was a possibility

of finding coal under these newer formations and within a reasonable distance

of the surface.

About the year 1855 Mr. Godwin-Austen started this theory, but Sir R.

Murchison, another eminent geologist, disputed it. In 1871 Professor Joseph
Prestwich, who had accepted the theory started by Mr. Godwin-Austen, presented

a very careful and elaborate report to Parliament on the subject.

The main feature which gave rise to the theory, is the fact that a great axis

of elevation extends from the South of Ireland to Westphalia, a distance of 850
miles. Its existence can be traced at one extremity from Ireland to Frome in

Somersetshire. Along the strike the lateral pressure elevated the fractured ends
of the strata into ranges of hills, of which there now remain two remnants, viz.,

the Mendips, in Somersetshire, and the Ardennes, in Belgium. The Ardennes
Hills have many features in common with the Mendips. On the northern flanks

of both ranges the palaeozoic strata are highly inclined as if tilted up from the

same disturbing cause, and both are overlaid by newer strata reposing horizon-

tally on them. From Westphalia to the North of France there is a series of

coalfields, the more important being Ruhr, Aix-la-Chapelle, Liege and that of

Charleroi, Mons, and Valenciennes, whose longer axes succeed one another

along the same line of strike. In all these the coal measures are highly

inclined on the south against the Mountain Limestone, while on the north they

disappear under newer formations. Westward of Valenciennes no palaeozoic

strata are exposed on the surface, but the coal measures have been proved

to pass beneath the chalk and tertiary to Enquin within 30 miles of Calais, whilst

further west the older rocks subtend the chalk. A boring at Calais, however,
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proves carboniferous strata at a depth of 1,032 feet from the surface after passing

through the chalk.

Passing to a point near the other extremity of the same axis of elevation, a

striking resemblance in the geological features is seen. From Milford Haven
to Tenby are found old red sandstone and mountain limestone in a contorted

condition, resting on which to the northwards is the Pembrokeshire coal-

field, considerably disturbed, though not to the same extent as the old red

sandstone and mountain limestone
;
from which it may be inferred that the forces

disturbing the strata decreased in proportion to their distance from the line of

upheaval. Proceeding eastward along the axis of elevation to the Somersetshire

coal-field, the Mendip Hills give evidence of the same tilting and denudation of

the older rocks observable in those of the Ardennes range, and on their northern

flank are covered by mesozoic strata laid horizontally over the highly inclined

coal measures and mountain limestone.

The South Wales coal-field is not hidden by newer strata, but a very large

portion of the Somersetshire coal measures is covered by permian, lias, and
oolite, and proceeding eastwards these in turn are overlaid by the chalk. The
Pennant rock, yielding but few seams of coal, and the associated sandstones,

shales, and coal seams above, and also below, with the addition of ironstone,

form strong features of resemblance between the coal-field of South Wales and
that of Somersetshire.

The similarity in the structure of the rocks of the Mendips and Ardennes, and
in the direction of their strike, point to their being due to a common cause,

namely, an upheaval of irresistible might and affecting an enormous mass of the

earth’s crust. The upheaval was too powerful for any opposing force to interrupt,

and its continuity under the newer rocks which hide it from view in the South of

England, is almost a matter of certainty.

The mountain limestone is continuous throughout the line of elevation, and
wherever the older rocks come to the surface, the coal measures show signs of

having covered the mountain limestone at the time of disturbance and to have
accompanied the latter in its foldings and movements. This fact, taken in con-
junction with the unconformability of the permian, enables geologists to fix the

age of the axis of elevation, as being after the coal measures and before the

permian. The strata of the coal measures were altered from their originally

horizontal position by subterranean forces, causing the line of elevation. As the

latter proceeded in a slightly irregular, wave-like direction, mostly east and west,

the rocks were doubled up or folded into a number of anticlinal and synclinal

lines proceeding northwards from the main line of disturbance. The effect of

this would be to change what was once a gigantic coal-field into a number of

isolated basins separated by ridges of the older rocks, similar to those known to

exist. A proof of the series of existing coal-fields having once formed part of a
larger, lies in the fact that their edges contain beds of equal thickness with

the more central portions. Were they separate coal-fields there would be a

thinning out of beds near old lines of shore.

If this reasoning be accurate, then the amount of coal which will be found
underlying the newer formations in the South of England will depend entirely on
the amount of denudation the coal measures have been subjected to over that

area anterior to the deposit of the newer strata. The borings hitherto made
point to a southern slope of the surface of the palaeozoic rocks in the south of

England
;
the denuded surface can of course give no indication of the dip in the

rocks beneath.

Professor Hull shows in a section from Gloucestershire to Oxford that all the

newer rocks below the great oolite thin out rapidly to the S. E., the total thick-

ness of the overlying rocks diminishing from 1,880 feet in Gloucestershire to

about 600 feet at Oxford.



22 SEARCH FOR COAL.

In 1854-5, a boring on the north side of London passed through tertiary and
secondary strata and proved red sandstones, believed to be of palaeozoic age, at a

depth of 1,114 feet. In 1854-7, a boring at Harwich proved palaeozoic rocks at

a depth of 1,026 feet, after passing through tertiary strata and the chalk, both

the lias and oolite being absent. These borings presented the same order of

superposition as that at Calais and in other places in the North of France and
Belgium.

The borings alluded to were made for water, but in 1872-5, to test the theory

of Mr. Godwin-Austen and Prof. Prestwich, a boring was made near Battle, in

Sussex, under the direction of the Sub-Wealden Exploration Committee. It

passed through 200 feet of purbeck strata and 1,705 of oolite below, the bottom
of which was Oxford clay, and was then abandoned. It proved that the palaeo-

zoic rocks did not lie within 1,905 feet of the surface at Battle. In 1886, Sir

Edward Watkin, chairman of the Channel Tunnel Company, acting on Professor

Boyd-Dawkins’s report, which recommended that a bore-hole be made in the

neighbourhood of Dover (at the Channel Tunnel works, under the Shakespeare
Cliff), gave orders to commence the boring. The site was about 30 miles west

of the boring near Calais, which had established the fact that coal measures
extended under the newer strata to the French coast line at a depth of 1,092 feet

from the surface. After penetrating 500 feet of cretaceous rocks the boring

passed through 660 feet of oolitic rocks, when the coal measures were reached,

being therefore 1,160 feet from the surface. The boring, after passing only

20 feet further, met with a good seam of coal on the 15th February, 1890. This
result, whilst very encouraging to all concerned, has by no means cleared up all

the points connected with the hypothesis started by Mr. Godwin-Austen in 1855,
but it has clearly established the fact that at any rate one coal-field exists in

south-eastern England, where it is covered by the newer strata, and that within a

workable depth. This alone is no slight reward for the patient toil and thought

of the geologist. It will, doubtless, act as an incentive to other trials along the

most likely course of the line of elevation crossing the south of England,
between Kent and Somerset, in order to search for other coal-fields or to discover

the detached portions of what at one time was one immense coal-field, and is

believed now to exist in a more or less denuded state.

Indeed, a company was registered on March the 27th, 1890, with a capital of

£2,000 in £1 shares, to search for coal and other minerals in Kent, Surrey,

Sussex, and elsewhere in Great Britain.

In this country there is little encouragement offered to private enterprise in

searches for coal of the importance attached to that at Dover.
If successful, the landowners in the immediate vicinity derive the greatest

benefit, whether they promoted the search or contributed towards its cost or not.

They may make what use they like of the information obtained (without refer-

ence to the bold spirits who pioneered the venture or those who carried it

through), whether by fixing a high royalty price, or by sinking shafts them-
selves to work the coal so found. In France, where the minerals belong to

the State, private enterprise meets with the encouragement which is due to it,

and many agricultural districts have through this means been converted into

busy mining centres.

When the law relating to royalties has been revised, searches of national

importance may be expected to proceed more rapidly in this country, but all

things considered, it is perhaps not surprising that so many years should elapse

between the expression of Mr. Godwin-Austen’s theory and the result to which it

has eventually led.

The foregoing observations have reference only to the probabilities of finding

coal on the north side of the great axis of elevation, with which we are more
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particularly interested, but there is the still further question as to the possibility

of finding coal in carboniferous rocks on the south of the great ridge. From
the fact of the Mendips being raised after the deposition of the coal measures,

the latter in all probability follow on the south side conformably to the beds of

mountain limestone.

This has exercised the minds of several men, and led to trials by shafts and
borings at positions calculated to prove coal, none of which, however, have met
with success. They established the fact that the newer formations attain a greatly

increased thickness as compared with those on the north side. To reach the

coal measures, shafts must be sunk to a great depth. Then it has been held by
some that the culm measures of Devonshire point to a rapid deterioration of the

coal measures in that direction, so that the productive measures, if in existence

at all on the south of the Mendips, are only so to a limited extent. So far,

therefore, as our knowledge extends at present, the search for coal is more likely

to be successful on the north than on the south of the line of elevation.
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SHAFT-SINKING.

Forms of Shafts—Mode of keeping them truly Vertical during the Sinking— Circumstances
calling for consideration in Selecting their Sites—The Tools and Appliances used in Sinking
—Timbering as it proceeds—Walling—Tubbing—Machine Drills to Expedite Sinking

—

Piling through Quicksands—Sinking through Quicksands by Hollow Cylinders of Cast-

iron—Poetsch’s Freezing System of Sinking through Quicksands—The Kind-Chaudron
System of Sinking— Explosives used for Blasting in Sinking.

Shafts may be either rectangular, circular, polygonal or elliptical. In the

rectangular and polygonal form, care must be taken to suspend a plumb line

from each angle during sinking. In a circular shaft four plumb-lines should be
suspended at the extremities of the two diameters, crossing each other at right

angles, and in an elliptical shaft four plumb-lines should also be suspended at

the extremities of the major and minor axes. Constant care will be required with

this plumbing to keep the shaft truly vertical. The circular is the most secure

form, though there may be reasons, such as putting in pumps, why an elliptical

or rectangular form may be desirable. A number of things must be considered

before fixing on the size of the shaft
;
for instance, what thickness are the seams

proposed to be worked ? What is the extent of royalty, and on what terms is it

secured ? Is it probable that adjoining royalties may be afterwards leased on
favourable terms ? What must the output be, to be profitable, and can labour be
had in abundance ? What quantity of water will have to be pumped ? In all

new winnings two shafts are required by law, and their site is a matter

requiring much thought. Other things being equal, that site which gives the

largest amount of the field to be worked to the rise is preferable. A site which
will suit a communication with the railway, tramway, canal, or whatever means of

transport there is for the coal, is desirable. If more than one royalty be leased,

the winning of the different royalties, and the question of wayleave and out-

stroke, may affect the position chosen. It will be only after well considering and
balancing these matters that a proper conclusion as to the site can be arrived at.

The tools used in sinking are hacks
,
or picks

>
for loosening the rocks and

chipping back the sides. Shovels for filling the loosened rock into the kibble.

Wedges for forcing out the rock by driving them into the joints. Sledges are

heavy hammers with long handles for use with both hands in driving in the drill,

breaking up large pieces of rock, or for striking the wedges. A hammer
has a short handle, is much lighter than the sledge, and is used with one hand
for hitting the head of a drill held in the other. Drills are usually made of cast

steel, and are bars of different lengths having a cutting and a striking end. A
jumper is a long drill used with two hands, and without a striker; the operator

raising it and letting it fall with considerable force in the hole he is drilling. A
scraper is a tool for removing the dirt which accumulates in a bore-hole while

being drilled. A swab-stick is a deal rod bruised at one end, sometimes
used for cleaning out the drill-hole. The bull is a round bar of iron, with an eye

in it, for forcing clay into the interstices of the rock to keep water out of the

bore-hole. Stemmers or rammers for tamping the bore-hole after the charge has

been put in. Cartridges are cases containing the explosive compound to be inserted
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in the bore-hole. Thefuse is the means by which the cartridge in the bore-hole

is fired. It must allow time after being fired and before reaching the cartridge

for the men to be drawn away. Kibbles or bowks are large iron barrel-shaped

buckets for the transference of the loosened rock from the pit bottom to the

surface. The sinkers also “ride ” on it. The water-kibble is much the same as

the kibble, but it has a valve in the bottom, and is used for sending the water to

the surface where the banksman or “ waiter-on
”

pulls a handle communicating
with the valve which allows the water to run out

;
or in another form of water-

kibble the valve-spindle projects below the level of the kibble, so that when the

engineman lowers it on to the runner the valve is opened by the action, and the

water runs out. The spring hook is the means of attaching the kibble to the

rope, and is shown at Fig. 18.

A pit to be finished 15 feet in diameter must be marked out 17 feet 6 inches to

allow for timbering and walling. The sinking of a shaft is most frequently

done by contract, and terms of agreement are drawn up between the con-

tractor and manager, or owner, but the latter may, if he wishes, do without

the aid of a contractor by paying the sinkers a daily wage, and employing a

SIDE VIEW

master-sinker to superintend the operations. The first few yards may be sunk
by means of a windlass, after which a steam-engine of suitable size must be
got. Two large balks of timber are placed across the pit, which may be
afterwards timbered over, except a portion in the centre for the kibbles to pass

up and down. On coming to the surface the engineman draws the kibble

well up above the level of this opening, and the “ waiter-on/' or attendant,

pushes the “ runner ” (which is a wide trolley-shaped carriage running on
rails) into position, thereby covering the pit top and protecting the sinkers,

whilst the engineman lowers the kibble on to it. It is then detached, an empty
kibble which has been standing ready on the runner is attached to the rope, the

signal given to the engineman to lift, and this being done the “ runner ” is pushed
out with the full kibble on it, leaving the opening clear for the descent of the

empty kibble. It is usual only to use one kibble in a sinking pit on account of

the danger from collision which would arise if two kibbles were used.

After the first 6 feet of sinking has been done, which will most likely be through
soil or clay, curbs or cribs must be put in. These are segments of wood (see

Figs. 19 and 20) cut out to the circle of the pit, and are generally 6 inches square
and made of oak or elm, the former being preferable. The joints must radiate

truly from the centre of the shaft, and cleats, as shown in the sketches, secured to

them at the surface in order that the joints may be brought into proper contact

when the curb is fixed in the pit. Sometimes a scarfed joint is made between
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the segments or curbs, but this is not so good a plan as the straight joints with

cleats. The crib being fixed in its position in the pit, backing deals an inch thick

and 9 feet long are then passed down behind the curb to half its thickness. The
backing deals must be close together if the ground be bad. A second curb is

now sent down and put together on No. i curb, then raised 3 feet (or less if the

ground is bad and it is thought desirable to have them closer together)
;

it is

kept in position by a few props, called punch props, placed under it and resting

on No. 1 curb. A third crib is sent down and put together on No. 2 curb and
raised 3 feet where it is secured by punch props, and a fourth curb put together

on No. 3 and raised will bring it to the top of the backing deals
;

it is secured

there by punch props. The top of the backing deals will be 3 feet above the

surface level, and will allow room to tip the rock and rubbish coming up. String-
ing deals are next fastened to the inside of the curbs and to the balks of timber

across the pit top, so as to keep all firmly in position. Another 6 feet of ground
is then taken out with care so as to leave solid ground under the last curb placed

;

in other words the sinking is reduced a foot until the 6 feet is taken out, and then

the ground must be removed sufficiently to place another curb truly in its bed,

which is done as before, and then the ground shorn back up to the next curb
6 feet up and the backing deals 6 feet long placed from the back of one row of

cribs to the other. Another curb is sent down, put together and raised 3 feet, and
secured there by punch props. The sinking is then resumed and this plan of

taking out 6 feet and then timbering it continued until the stone-head or hard
rock is met with, care being taken to continue the stringing planks downwards to

secure the cribs. Sometimes the nature of the ground will not admit of 6 feet of

sinking being taken out without being secured, and in that case the work must
be done in shorter stages.

On reaching the hard rock the size of the pit must be reduced to allow of a firm

support to remain under the curbs, and after sinking in it till a good sound rock

is found, it will be necessary to prepare this bed to take the walling curb. The
diameter of the shaft must be increased to say 1 7 feet 9 inches, which is 3 inches

larger than before. The bed must, be correctly prepared truly level by picks

and without explosives, which would produce cracks in the rock. The walling
curb maybe of iron or oak timber and must be 13 inches or more in the bed

;
it is

made in segments, and requires great care in fixing. Half-inch fir sheathing is

first placed on the bed prepared in the stone, and the curb laid on the sheathing.

Two inches of fir backing is placed between it and the shaft sides and firmly

wedged, care being taken to keep the centre of the curb correct. If iron curbs

are used, oak sheathing is placed between the joints of the segments. The
walling may now proceed, bricks shaped to the curve of the pit being generally

used. The mortar should be of the best and of a slightly hydraulic character.

Sometimes the permanent shaft buntons are walled in as the work proceeds, so

as to save cutting the pit sides afterwards.

The thickness of walling required will depend on circumstances, and may vary

from 9 inches to 18 inches; for a 15-foot pit, probably 13 inches would be a suitable

size. The cradle now comes into use. It is a circular platform, when used in a

circular pit, of planking 2" or 3" thick, nailed to stouter pieces of timber,

Through these larger pieces of timber bolts with rings pass and are secured below
by nuts. To prevent canting it should be hung by six bridle chains to the rope.

The cradle should be of such a size as to leave about 3 inches of space between it

and the finished size of the shaft, and is moved up and down by means of a

strong rope attached to a crab or engine at the surface.

As the walling proceeds, great care must be taken in removing the timber

above, and the space between the walling and the rock should be rammed with

concrete or clay. The walling may be continued up above the surface level

5 to 15 feet as may be most desirable.
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Should water now be met with, it will be necessary to make provision for its

removal. If it can be done by winding with kibbles this will be most economical,

but if more than say 10-200 gallon barrels an hour be got, pumps must be put

in. These are usually suspended by ropes or chains from winches on the

surface to admit of their extension as the sinking increases.

It will be necessary to put in ventilation boxes or pipes, and to command a

supply of air by connecting them with a little fan on the surface or some chimney
which will create a draft. Round iron pipes 15 inches in diameter with a little fan

worked by one of the engines will generally supply a sufficient quantity of air,

but if not the shaft must be bratticed. The rocks met with below may be very

hard, and if rock drills should be used in passing through it worked by
compressed air, the exhaust and jets taken from the air pipe may enable

bratticing to be dispensed with.

On resuming the sinking beneath the walling curb the pit is sunk in a line with

the inside of the curb for about 3 feet, and then gradually enlarged to its proper

size. On reaching a suitable stone, the walling is brought up from a wedging
crib placed on it, and care must be taken in approaching the upper wedging crib

(upon which the first piece or section of walling rests) to shear back the rock

and join the walling under it without disturbing the wedging crib. This will be

effected by removing the rock from under it (between the point where the shaft

was set out to its full size and the upper wedging crib), through a small space

and then completing the walling up through that space against the wedging
crib. Then the rock may similarly be removed through another small space and
the walling brought up through it to the wedging crib, and so on till the whole
circle of the pit is completed. Or the first length of walling may be secured by
fixing a number of iron rods immediately below the crib, the rods being driven

into holes bored in the rock.

Great depths are frequently attained without using guides of any description

for steadying the kibble in its ascent and descent. In a shaft of large diameter,

say 14 feet and upwards’ with plenty of space, steady hauling, and the exercise of

care by the sinkers in the bottom not to load the kibble too high, and to perfectly

steady it when raised a foot or two from the bottom before signalling it away, there

is little danger in proceeding thus.

In smaller shafts much obstructed with pumps, guides of wood or wire ropes

should be used. These will tend to steady the kibble, and prevent the winding
rope from rotating. The rotating of a new winding rope is anything but pleasant to

those riding in a sinking shaft, and may possibly cause an accident through giddiness.
If the shaft be fitted with wooden or iron conductors as the sinking proceeds,

these may be used to guide a slide carrier or rider. It consists of a horizontal

cross-bar, the ends of which fit the guides. This is carried by inclined struts to

a circular piece fitting loosely over the winding rope. A buffer-catch is secured

to the rope at its lower extremity, which fits into the circular portion of the slide-

carrier, and raises it in its ascent.

The guides at their lower ends have stoppers, so as to arrest the carrier in its

descent, and hold it there whilst the buffer-catch becomes disengaged from the

rider, and the kibble is free to descend without guides to the bottom of the shaft.

Similarly it ascends unguided again until it reaches the carrier, which is afterwards

lifted up with it.

Where wooden or iron guides are not available, wire ropes may be used as

guides for the carrier. Weights are attached to their ends in the shaft through a

balk stretched across the shaft
;

the balk also serves to arrest the further descent
of the carrier.

The guide ropes are wound on the drums of steam or hand crabs on the

surface, and pass over pulleys at the shaft there, so as to admit of their being
easily lowered

; they are long enough to reach the expected depth of the sinking.
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The objection to this system is that the balk in the shaft requires frequent

change. Mr. W. Galloway has patented a great improvement of this system, in

which the ends of the guide ropes are secured to the cradle, beyond which the

kibble descends unguided through a door in the cradle.

A ring-crib (Fig. 21) is frequently used in wet pits. It consists of a crib

hollowed out in the shape of a gutter, and is built into the shaft, the first two or

three courses of brickwork '.upon it being inset or shorn

back, so as to leave a portion of the crib in which the

channel is cut exposed as shown in the sketch. The
water which trickles down the sides of the shaft runs into

this ring-crib, and from thence it is conveyed down the

shaft by means of a “waste pipe,” one end of which is let

obliquely through a hole in the crib to the bottom of the

channel, and the other is placed over the cistern, from
which the pump takes its water. Sometimes a wedging
crib is used as a “ ring-crib ” (see Figs. 22 and 23).

Frequently large quantities of water are found in the hard
rocks, and if circumstances admit, these should be tubbed
back with cast-iron tubbing. If, however, the bed of rock

on which we are able to place the bottom part of this

tubbing is near a seam of coal, or even if it is some
distance away, but in communication with it by fissures,

or the rocks between are not impervious to the passage
of water, there will be no advantage derived from the

tubbing, because the water will find its way down to the

seam, and remain as much a burden to the colliery as

if the tubbing had not been put in. Assuming an impervious bed of rock to

be available, and that there is a large quantity of water below the walling, the

sinking would be continued from the last wedging crib at the reduced diameter
of 15 feet for a few feet, so as to leave a support under the wedging crib, and
then gradually enlarged to a size suitable to take the tubbing, and on approaching

WALLING

Fig. 21.

—

Ring Crib.

SECTION THRO’ A.B.

Fig. 23.

the impervious rock alluded to, the shaft should be again reduced to a diameter
of 1 5 feet, and the sinking carried a few feet, say 6, into it, to serve as a sump,
and allow of the water kibbles being used whilst efforts are directed to the tubbing

operations. Explosives should be avoided in sinking past the point where the

wedging curb will be fixed.

A bed should be carefully prepared at the commencement of the impervious

rock for the wedging crib, or cribs (for often two are laid), which is somewhat
similar to the walling curb, but of cast iron about 6 inches deep, and 13 inches

in the bed. The pit is shorn back so as to admit of the wedging crib being

placed, and also leave a small annular space round it
;
the bed for the reception of

the wedging curb must be dressed with hacks perfectly smooth and level. The



METAL TUBBING. 29

curb is then laid and securely wedged, the space behind having been filled with

fir sheathing, and behind that again moss or oakum. Sometimes both the single

and double cribs are provided with escape valves to release the air as it escapes

from the back of the tubbing. The segments of metal tubbing (see Figs. 24 and

25), having first of all been tested by sounding them all over with a hammer and
punch on the surface, are next to be proceeded with. These segments are cast

with a smooth inner surface, and are flanged so as to fit into each other, a hole

being left in the centre of each to allow the water to run out whilst building them
up, and also for convenience in sending down the pit. Pitch-pine sheathing is

first laid on the wedging crib, and then the segments are fitted round it, 10 or

12 forming the circle, and they are usually 2 or 3 feet high. The ground is
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Fig. 24.—Elevation.

Segment of Metal Tubbing.

shorn back near the crib where required as the tubbing is built up. The
thickness of metal in the tubbing will depend upon the height the tubbing has

to be carried, and varies from f of an inch to if inches. Mr. Greenwell gives

the following formula for estimating the thickness of metal tubbing, the height of

the segment being 2 feet.

Let .r = the required thickness in feet.

P = the pressure or vertical depth in feet.

D = the diameter of the pit, also in feet.

_ P x D
Then x = ’03 +° 50,000

so that if we had 60 fathoms of water-bearing strata to tub through in a 15-foot

pit, we have

•03 + 3 ^° x x 5 _ .j^g of a foot = 1*656 inch.D 50,000 ° J

In practice the thickness of tubbing is generally reduced every few feet upwards.
Sometimes it is necessary to cover the tubbing with tar or wood lining, to help

preserve it
;

if the shaft is afterwards to become an upcast, ventilated by a

furnace, a brick lining over the tubbing will be necessary. But this would not be
placed until the building of the tubbing in the shaft was quite completed. A
second course of segments is now proceeded with, a sheathing of pitch pine
having been laid all round on the top of the first, to allow of wedging when all

is built up, and care must be taken in the building to break the joints of the

tubbing. This method is continued until approaching the rock left to support
the wedging crib above, a part of which must be shorn back to allow of the

tubbing fitting in truly under the wedging crib. All the vertical joints in going
upwards should have strips of wood laid behind them an inch thick, and about
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6 inches broad, and a wedge-shaped piece driven behind, to force the segments
well together at the joints, and the space behind the tubbing should be filled

up with concrete. When all the tubbing has been thus placed in position, the

important operation of wedging the joints is commenced, from the bottom up-

wards, leaving the centre holes till last. The plugging of these is upwards
also, and requires skill and care if much water is coming through them.

Sometimes the tubbing, when carried above the water-bearing strata, is left

open-topped, but this does not allow of such good wedging as the close-topped

tubbing. Sometimes it is necessary with close-topped tubbing to put a pipe into

one of the upper segments, and either allow it to remain open, and the water to

run constantly down the pit, or to continue the pipe up the pit above the level of

the water behind the tubbing. This allows a vent for the air from behind, which,

when no provision was made for its removal, has been known to do considerable

damage. The segments should have proper pieces cast on them to which to

fasten the buntons, when the pit is fitted up with guides.

It is often a matter of the utmost importance to those connected with a new
sinking, that the shafts should be sunk as expeditiously as possible. Where the

seam required to be worked lies at a great depth from the surface, and the shafts

are to be of large size, some kind of machine-rock drill, worked by compressed
air, will be necessary to bore the shot-holes in the bottom rapidly. At the Harris’s

Navigation Pits in South Wales, different forms of machine drills were used to

expedite the work. The shafts forming the colliery are each 1 7 feet in diameter

inside the walling, and are sunk to a depth of 760 yards.

A large diamond-boring machine was at first used in hard rock, the action of

the drill being similar to that of the diamond-drill when used for prospecting

purposes, and described in the previous chapter. In this case the machine
consisted of 8 drills, each drill being complete in itself and driven by compressed
air, while the whole was attached to four beams fixed to a centre-piece. The
engine was attached to the frame and lowered down the shaft, the motive power
being conveyed down a pipe, the bottom of which was a flexible hose. The
supply-water for the drills was taken down the pit in a pipe of smaller diameter

than the drills, and was raised by the ordinary means of removing water

from the pit bottom. The drills were capable of adjustment on the beams, and
could be placed obliquely to any extent parallel with the face of the beams, each,

however, remaining under separate control so as to be worked or stopped as

required. About 30 holes were drilled, 8 proceeding simultaneously in the

bottom from 3 to 5 feet deep, and also as an experiment deep holes from 1 5 to

30 feet were bored and blasted in sections. Whether it gave the most effective

shot-holes or not, it was necessary to keep the long holes vertical, or their lower

extremities passed beyond the line of the shaft. The short holes made frequent

changes necessary, and resulted in the loss of diamonds in the drill crowns,

causing the process to be abandoned. The Ingersoll rock-drill, which is fully

described in Chapter XIV. of this work, was then applied to bore the shot-holes,

and this it did very effectively.

In sinking through the surface beds, quicksands are occasionally met with which
tax the energy and patience of those engaged in the sinking operations. The
old method of sinking through quicksands was by piling, which requires the shaft

at the commencement of the quicksand to be very large in diameter where there

is a considerable depth of sand.

It is shown at Fig. 27 and is carried out as follows :—The piles are, say, 15 feet

long, 6 inches wide, 3 inches thick, pointed and shod with iron, their edges being

bevelled to allow a true fit into each other
;
the head should be hooped for the

purpose of preserving it in driving. The curbs are 6 inches square, the piles

3 inches thick, so that each course of piling put in will reduce the size of pit
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Fig. 26.—Timber, Walling, and Tubbing in a Sinking Shaft.

A. Balks laid across the top of the shaft. B. Timbering curbs. C. Punch props. D E. Backing deals, shown
in section but otherwise omitted for the sake of clearness. F. Stringing deals. G. Walling curb, with the wall.ng

sh wn above it. H. Hollow cast-iron wedging curb with cast-iron tubbing resting on it.



32 SHAFT-SINKING.

1 8 inches. With 15 feet length of piles, a fresh course is required every 12 feet,

so that the depth of the quicksand in feet divided by 12 and the result multiplied

by if, gives the reduction in size. The reduction in a quicksand of 84 feet would

be —= 7, and 7 x if = 10J feet
;

if the diameter of the pit is to be 17 feet
1

2

6 inches, to allow of a 15-foot net size, it would require to be 10 feet 6 inches
4- 17 feet 6 inches = 28 feet in diameter at the top of the quicksand.

It will be necessary on reaching the quicksand to put an additional crib-bed

6 inches less in diameter than the diameter of the crib last put in
;

it must be
concentric with it, and allow of

the piles being driven between
the two. Care must be taken
to drive them down vertically,

and after getting them down
a few feet, as much of the
quicksand as is practicable is

taken out and a crib put in.

Again the piles are driven down
a few feet, the quicksand re-

moved and a crib put in. These
operations are continued until

the piles are fully down, and the
quicksand removed to within

3 feet of the bottom of them, a
crib laid to support them and
another laid inside and concen-
tric to it, 18 inches less in dia-

meter, to allow the next course
of piles to be driven in the
annular space between the two.
The same operation of driving,

excavating and laying cribs is

again gone through. When
within 3 feet of the foot of
these piles another curb 18
inches less in diameter is put
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Fig 27 .—Piling through Quicksand.

in to allow of another course of piles, and so on till the stone head is reached,
when the wedging curb is laid and the walling or tubbing run up as expeditiously

as possible through the treacherous ground.

Another method of getting through quicksands, consists in sinking by means
of hollow cylinders of cast iron, pressed down by heavy weights piled on the top,

but sometimes there is considerable difficulty in keeping the cylinders in a vertical

position, especially if large boulders are met with.

An ingenious and efficient method of sinking through quicksand is Poetsch’s
Freezing System, whereby the quicksand is transformed into a solid mass. The
quicksand in its changed and solid form is then sunk through in the ordinary
manner.
A refrigerating liquid, consisting of a solution of chloride of calcium, is pro-

duced on the surface by means of proper machinery.* Through tubes this liquid

is conveyed into the shaft required to be sunk through the quicksand. A zone
of quicksand must be solidified round the shaft and downwards sufficiently far to

form a wall or barrier all round the part to be excavated, and sufficiently thick to

resist the surrounding pressure.

See Transactions, South Wales Institute of Mining Engineers, vol. xv. pp. 143— 151.
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The thickness of this wall is determined beforehand by taking into account the

depth at which the quicksand occurs, and the thickness of the quicksand^tseifr

Figs. 28 & 29 show the principle of applying Poetsch’s sinking process to a

quicksand 20 feet thick. The tubes A A are of wrought iron 8 inches in diameter,

provided at their lower extremity with a circular blade D 8 inches high and

slightly tapered in form.

These tubes are sunk verti-

cally at distances apart vary-

ing from 1 foot to 4 feet.

Upon their reaching the

solid rock below the quick-

sand, the lower end of each

tube is closed with a leaden

plug C, fitting into the

tapered end piece and
covered with several alter-

nate layers of cement and
pitch E to ensure the closure

being water-tight. When
each of the large tubes A A
has been treated in this

way, an inner tube B, 2 \
inches in diameter, is in-

serted within the larger tube,

and is provided at its lower

extremity with an opening F.

The large tubes are. flanged

at G, and by this means at-

tached to a cast-iron branch
with three outlets and flanges H, H and J. The outside tubes are all connected by
means of the side flanges H, H, whilst the flange at J receives the inner descend-
ing tube B.

The course of the liquid, as shown by the arrows, is down the pipe M and
through the inner central tubes B, returning in the annular space between the

tubes A and B and ascending the pipe L. The whole system of pipes down
which the liquid is conveyed is controlled by the valves K K. After ascending

the pipe L the liquid again reaches the refrigerating apparatus. The quicksand
in contact with the tubes A A thus becomes frozen into a solid mass. The solu-

tion is injected by means of a pump into the descending column M.
The frozen mass is removed by picks, pointed hammers and crowbars, without

the use of explosive. The wall formed by this process round the shafts is about

5 feet thick, and will resist all external pressure until the shaft is permanently

secured.

The Kind-Chaudron System is perhaps the best for sinking where there are

very heavy feeders of water to contend with.

Fig. 30 shows the method adopted.*
The sinkers employed at the shaft are four or five in number, and stand on a

working floor about 6 yards below the surface. The shaft is about 4 feet more
in diameter over the first 6 yards than below, where it becomes the finished size.

The first operation consists of boring out, by machinery, a cylindrical hole of about

4J
Or 5 feet in diameter. This hole is afterwards enlarged by a second, or if the

pit is large, by a third operation. The first operation is kept at least 33 feet in

advance of the second.

* See Transactions, North of England Institute of Mining Engineers, vol. XX. pp. 187—202.

C.M.H. D
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The cutting of the material is by the same kind of means in both or all

stages (the central and enlarging), but the removal of the broken ground is

different. In each case the cutting tool (Figs. 31-37) consists of a horizontal

wrought-iron bar, to the under side of which are attached steeled teeth. The
arrangement of these teeth is such that as the bar revolves round the central axis

of the pit, each tooth in falling with the bar through the length of stroke used

(from 10 to 20 inches) cuts for itself an annular portion of the bottom of the

shaft. The large and small cutters, or trepans
,
are lifted and turned by the same

Fig. 29.—Poetsch’s Sinking Process.

rods, which are made of pine about 8 inches square and 20 yards long, and con-

nected by male and female screws. Only one trepan can be used at a time.

In the sinking of a shaft at Maurage, near Mons, a simple lever was placed at

the surface level, one end of which was attached to the rods by a strong flat

chain, whilst near the other end it had a direct connection with the piston rod

of a steam engine. The single cylinder was 39! inches in diameter, with a

40-inch stroke, and was placed vertically bel w the beam. The lift of the rods

was effected by admitting steam to the cylinder above the piston, depressing

that end of the lever and raising the rods and cutter, which then fell by their

own weight. The lever or striking beam was 23 feet long, 11 feet on the side of

the rods and 12 feet on the side of the engine, and was composed of two
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logs of wood, one placed over the other, strengthened on each side by a

stout plate of iron. Beneath the suspension chain is a lengthening screw, below
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which is a very strong swivel, by means of which the rotating movement is given

to the rods and cutter.

The top length of rod has eyes for the insertion of cross bars. The workmen,

standing on the wooden flap doors which close the shaft (except a central

hole for the rods to work through) at the level of the working floor, turn the rods

by means of the cross bars at each stroke. The smaller trepan (Figs. 3 4 3 7)>

d 2
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requires modification in its construction, according to the nature of the material

to be cut. If soft, the bar to which the teeth are attached is suspended by a

fork of wrought iron, but for hard rock it is forged in a single piece and weighs
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Kind-Chaudron System—Large Tr£i*an
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about 8 tons. In ordinary ground this cutter advances about 8 feet per day.

The teeth are well steeled, fit into sockets in the main bar, and are further

secured by a pin easily removed when the teeth require sharpening or renewing.

The cutter is driven about 9 or 10 strokes a minute usually, but sometimes

more, and after being some hours at work, it is raised by a small capstan-engine,
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with a flat hemp rope of 14J inches wide by 2§ inches thick. The rods require

unscrewing (as in the ordinary manner of boring rods) as the cutter is being

withdrawn. To clear the whole of the cut material a sheet-iron cylinder

6 feet long, with two valves in the bottom, is lowered and raised by the rods.

The larger trepan (Figs. 31-33) weighs about 16 tons and has a bar of wrought

iron, to a portion of which teeth are attached as in the smaller trepan . The

Fig. 36. Fig. 37.

Kind-Chaudron System—Small Tr6pav.

teeth are fixed on that portion of the bar which exceeds the diameter of the hole

cut at the first operation. The large trepan is guided below by a cradle of iron

bars fitting loosely within the smaller diameter.

The arrangement of teeth is such as to cause them to cut a sloping surface

at the bottom of the shaft so as to ensure the cut material to roll into the
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smaller pit, where they drop into a sheet-iron bucket previously lowered into it.

The rate of progress varies from 3 feet per day in ordinary ground to 1 foot per

day in hard rock.

To obviate the excessive vibration which would otherwise be imparted to the

ods by tools of such a weight, a special joint, called a slide piece, of great

strength, is applied.

To maintain the boring rods in a vertical position throughout their stroke,

guides are attached to the upper part of the implement. In the smaller cutter

these consist of two strong iron bars set at right angles (G, Fig. 34), having

teeth fixed at their extremity, which slightly enlarge and, at the same time,

smooth down the sides of the hole. For the large trepan
,
one of the cross

pieces is rigid and the other, at right angles, is hinged on both sides of the main
rod in such manner that it can be lowered or raised by ropes during the shifting

of tools, through a small opening in the working floor. The guide, when in

position, forms a fixed cross, through the central opening of which the cutter

rod slides freely up and down.
The pit having been sunk through the water-bearing strata in this wray requires

tubbing. In this process the lowermost ring, like all the upper portion, is cast in

one piece. The lower flange G, Fig. 30, is turned outwards, its upper flange C
inwards, and it rests on a bed in water-tight ground below the water-bearing rocks.

Upon the lower flange and all round the ring a wall of well-selected moss, F, is

packed tightly against it and secured in its position by a net placed at the back
of it. To assist in forcing the moss against the side of the shaft, small sheet-iron

springs, E E, are placed above and below, the effect of which is to give the

pressure a definite direction. On the moss cushion rests the next ring, D. Its

bottom flange is turned outwards, the top one inwards, and it is of such a size as

to slide down outside the bottom ring, when the moss is sufficiently pressed down
by the weight, and upon this sliding ring the ordinary tubbing rings are built.

Each flange is truly planed, and between the flanges a ring of sheet-lead, Jth of

an inch thick, is laid. After screwing up the bolts the lead is beaten in on both
sides with hammer and chisel. Each ring of tubbing is from 4J to 5 feet high,

is of extra thickness, and tested on the surface by hydraulic pressure. The
bottom simple ring is 2§ inches thick, and weighs 1 if tons for a 14-foot pit. The
upper rings are gradually lighter.

To facilitate the gradual lowering of the enormous weight of the tubbing, by
means of six rods and screws used for this purpose, a diaphragm or false bottom,
L, is attached by screw-bolts at a point near the bottom of the tubbing, and this

causes it to float on the water. A central equilibrium tube, A, passes up the shaft

from the false bottom, and through cocks, placed at intervals, allows of water
being poured into the middle of the tubbing in sufficient quantity as may be
required to help its descent. By this means no greater weight than 40 tons rests

on the suspension rods.

The bottom ring or moss-box is suspended by light rods, B, to the flange of an
upper ring, and is lowered into its position on its seat or bed. The weight of

tubbing then bears on the moss and squeezes it down and against the sides of the

shaft so as to form a thoroughly water-tight joint.

The annular space between the rings and the shaft is filled in with concrete
and allowed to consolidate before the water is drawn out of the pit. The success
of the undertaking to a large extent depends on the perfection with which the seat

of the moss box is cut and smoothed, and to ensure its suitable condition, a
gigantic pair of pincers, H, with arms on the principle of a lazy-tongs, is lowered
with and underneath the whole of the tubbing by means of a rod passing up
through the central tube. By working the rod up and down, the ends of this tool

may be made either to expand to the full size of the shaft, or brought closely

together and thus pick up small pieces of stone or other material which may be
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lying on the bed of the shaft
;
when in its contracted form it may be passed into

the central shaft to be out of the way. After the concrete has set, the water is

pumped out, the false bottom taken off by unscrewing the bolts which attached

it to a flange, and the moss box is examined. For safety, a lower seating

is cut and prepared in the rock a few feet deeper, a wedging curb put in by hand
in segments, and the tubbing built up on it to the moss box, against which it is

securely wedged. The shaft being now free from water may be sunk deeper by
ordinary methods.

The explosives used for blasting in sinking are :—gunpowder, which is a com-
pound of sulphur, saltpetre, and charcoal. It is useful for rending operations,

and when the rock is not hard and is also free from water it may be used to

much advantage. Dynamite is a “ shattering” agent, and contains 75 per cent,

of nitro-glycerine. When in a frozen state it explodes with difficulty. It requires

to be exploded by detonation to get the best result, and it is a very useful agent

in a wet pit and in a hard rock as the water does not injure it
;
indeed, fre-

quently the holes are simply tamped with water. Explosives are more fully

described in Chapter XIV. of this work.

As questions are sometimes given at the examinations, having reference to the

cubical contents obtained from sinking shafts, the following example is given and
worked out in order to show candidates how to do similar calculations.

Question 1.—A pit is sunk 17 feet 6 inches in diameter, and walled with

good bricks 13 inches in the bed, 6 inches deep by 12 inches long inside,

but more at the back—being moulded to suit the circle of the pit—the

diameter of the shaft when the walling is finished being 15 feet in the

clear. The pit is 100 fathoms deep.—How many cubic feet of excavation

would be taken out, and assuming 14 cubic feet of it to weigh a ton, state

the total weight ? Also, if walled from top to bottom, how many bricks of

the above dimensions would be required, and how much would they cost

at ^5 per thousand ?

Here we have to get the area of a circle whose diameter is 17 feet 6 inches,

and to multiply it by the depth of the pit in feet to get the cubical contents.

17*5 x 1 7 '

5 x 7854 x 600 = 144.317 cubic feet,

and = 10,308*38 tons.

To find the number of bricks we must find the circumference of a circle whose
diameter is 15 feet; 15 x 3*14159 = 47*124, and if we allow ^ of an inch for

mortar at the joints we should require - / 11 =46*16, the number of bricks
12*25

which we should require for one ring
;

allowing j of an inch for the horizontal

joints the pit would have
100 x 6 x 12

6F
= 1,152 rings. Therefore 1,152 x

46*16 = 53,176*32, the number of bricks required, and —x—100 _

5,3 17*632 shillings = ^265 1 js. jd. as the cost of the bricks.
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The shaft bottom and roadways, for some distance, leading from the pit bottom
are generally arched. Where small trams are to be used the space round about

the shaft bottom is usually laid with flat sheet-iron for facilitating the operations.

Where large trams are used rails are laid leading to each cage from opposite

directions. This allows of the empty trams being propelled from the cage on one
side as the loaded ones enter it at the other.

Where flat sheets are used, they allow of light full tubs, or the lighter empties,

being quickly turned in any direction without having to follow a particular course.

The pit is sunk a few feet below the level of the flat sheets to form a sump, and
into this the water (if any) drains

;
from thence it is raised direct by the pumps

placed in the shaft or conveyed elsewhere to be dealt with. The pit bottom is

arranged so that the loaded tubs are pushed towards the cage down a slightly

falling road, and the empty tubs pass out of the cage on the opposite side of the

shaft.

The top of the pit and any intermediate loading places between the top and
bottom, are provided with gates for the protection of those moving about.

Shafts are fitted with Conductors or Guides, which, if of wood or iron, are

attached to buntons or crosspieces fixed across the pit and which have either been
built into the walling or are afterwards let into it. The strength of the buntons must
be proportioned to the size of shaft and the weight of the load

;
for a shaft io feet

in diameter with single cages carrying one tram of 12 or 15 cwts., Memel or red

pine, 9 inches by 3 inches, placed at intervals of six feet in the shaft, would be
sufficient. The guides (if of wood) should also be of Memel pine, not less than

4 inches by 3 inches in section, and properly bolted to the buntons. Bolts and
nuts are preferable to wood screws which are often used for this purpose. There
is usually only one guide on each side of the cage, but the arrangements respecting

them are various, according to the requirements of the case. Frequently, instead

of wood, bridge or single headed rails are used for guides, and in some cases

angle iron, they being kept in line by suitable fish-plates and bolts, and securely

fastened by bolts to the buntons. In Lancashire and Yorkshire some pits have
guides consisting of round bars of iron fixed at the pit bottom and screwed up to

the head frame. There are two rods for each cage, the cross bar of which,
having a ring at each end, runs upon the rods.

In most of the large collieries in South Wales wire-ropes are used as guides,
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fixed to wooden balks at the shaft bottom and to the head frame, where they

are tightened by screws
;
another means of keeping them tight is to suspend

heavy weights from their lower extremities beneath the balks, or by weights hang-
ing over pulleys on the surface.

Where the depth and consequently the cage-speed is great, three and sometimes
four of these guides are required to prevent excessive vibration. In some in-

stances two additional ropes are suspended between the cages to prevent one cage
from catching the other in passing. Rigid guides are so fixed that the cages shall

have not less than 9 inches of clearance as they pass each other, and if iron wire

guides are used and the pit a deep one there should be from 12 inches to 18 inches

of clearance, according to the depth of the shaft, the number of guides used, and
the speed of the cages in the pit.

“ Keeps,” “ Fans,” or “Shuts ” are supports for the cage on its arriving at the

surface or shaft bottom, and at intermediate loading places, if there be any. They
are arrangements of counterbalanced levers, and those placed on the pit top offer

no obstacle to the ascent of the cage, which after passing by the “ keeps ” is

lowered by the engine man on to the supports. With double-decked cages, when
the tub on the bottom deck has been changed and a signal received that the tub

in the top deck (which it must be remembered stands on the shaft bottom “keeps,”
when the bottom deck of the other cage is on the “ keeps ” at the surface) is also

changed, the engineman lifts the cage from the supports, and the attendant, by
means of a lever, pulls them back clear of the cage until the bottom deck is

lowered below them, when the attendant lets go his hold of the handle and they

form a support to the top deck. During the change here, the tub in the bottom
deck is changed at the pit bottom, and this being effected, the cage is lifted

by the engine-man, the attendant pulls back the “ keeps,” the cage is

lowered, and when it has descended clear of the “keeps” they are allowed to

spring back ready for use again. The “keeps” at the shaft bottom are necessarily

handled differently. As the loaded cage leaves the shaft bottom the attendant there

pulls the handle of the “ keeps ” back and secures it there, by this means prevent-

ing the “ keeps” from protruding in the pit. As the cage in its downward course

approaches him, he takes the handle of the lever which works the “keeps ” in his

hand, and having allowed the bottom deck of the cage to pass below the level of

the “ keeps.” they are allowed to spring out and support the top deck of the cage.

The tub is changed here whilst the bottom deck of the other cage is changed at

the surface. The “keep” handle will not require further attention from the

attendant below until the cage has left for the surface when he secures the handle
back in its place.

The Cage is a receptacle for the tubs traversing the pit either empty or full.

It is also the usual means of transport for the workmen and all others between
the surface and the different loading stages in the shaft. The pit timber, work-
men’s tools, horse food, and water, and frequently the horses themselves are lowered
by means of the cage.

When men are riding in one cage no loaded or empty tubs are placed in the

other, or in an under or over deck of that holding them. If men are not in both
cages one is allowed to run empty.
The cage is usually made of wrought iron but sometimes of steel. As to

its form, it is of course governed by the shape of the division of the shaft it has
to run in, and it may be single or double decked or have more decks than two
if desirable. Again each deck may have one or more tubs placed in it as may
be desired and arranged. Each deck floor is laid with rails to allow of the tubs
being pushed in whilst the loaded ones are pulled out on opposite sides. There
are various modes of keeping the tub secure in the cage during its ascent or
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descent. One of these is by having “ false bottoms ” in the cage, which is an

arrangement whereby the floor of that part of the deck on which the tubs are

placed falls or sinks an inch or two below the other and outer portions of the

deck, but when the cage rests on the keeps all the deck floor is on one level,

allowing the tubs to be changed.

Another mode of securing tubs in the cage is a bar running through the cage

and at either end is placed a short lever which turns down or up on being pushed;

Fig. 38.—Double-decked Cage.

when down it covers the ends of the tubs and prevents their moving, when up it

allows them to be changed.

The best form of catch is that which grips the axles on the tub being

pushed in, without the necessity for the attendant to have to put his foot on

the cage to work the catch. Sometimes a catch in the floor secures the tubs in

place.

The slides of the cage fit loosely to three sides of the wooden conductors, and

are slightly bell-mouthed. They are applied at the upper and lower bars of the

framing.

A two-decked cage would have 3 such slides on either side of it, in the usual

arrangement adopted. The top of the cage is provided with an iron bonnet or
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as

cover for the protection of persons whilst descending or ascending. The cage is

suspended from the rope by four short chains called “bridle ” or “ bull ” chains,

one being at each of the upper corners, and in the case of heavy cages from the

middle of the longer sides as well, so that in the latter case there would be six

bridle chains.

Fig. 38 shows a double-decked cage, and Fig. 39 a treble-decked cage
made by Messrs. Thornewill &
Warham, Engineers, Burton-on-
Trent. The former is steel through-
out, the deck frames being angle
steel, the uprights of channel steel,

and the bracings of flat steel. The
deck frames have cross-bearers of

angle steel, with “ knee ” ends
riveted to the frames. The floor of

each deck consists of perforated

steel sheets.

The cage-hangers are of forged
steel and sufficiently large to form
a gusset to receive the uprights,

cross-bracing, and top frame
;
they

have horns forged on them to pre-

vent the D link on bull chains from
falling over when the chains are

slack.

The treble-decked cage is of

similar construction, the uprights

being of angle instead of channel
steel.

The tub-catches are plain bars

with bent ends, working in suitable

chocks fixed to the uprights. The
roof of each cage is provided with

doors, so that long pit wood and
other articles may be carried on the

upper deck. All rivet holes are

drilled and rivets where possible

put in by machine. The cages are

provided with guide-cheeks for

square, or loops for wire rope con-

ductors, and each deck is fitted

with rails. The finished weight of

the double-decked cage is 2 tons,

3 cwts., 2 qrs., without the bull-

chains. They are in daily use at

the Walsall Wood Colliery, Can-
nock Chase, where each cage lifts Fig. 39._Treble-decked Cage.
8 tubs, holding 48 cwts. of coal

per lift from a depth of 550 yards. The treble-decked cage weighs 2 tons,

14 cwts., 2 qrs., without the bull-chains, and is in use at the Hamstead Colliery,

near Birmingham, where each cage lifts 6 tubs, holding 84 cwt. of coal per lift

from a depth of 620 yards.

All cages should be provided with guards to be fixed to, or removed from the

top of cages at will, so as to protect workmen who have to stand on the cage
roofs or covers during the time they are examining or repairing the shaft, and
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where the cover is of a sloping or curved form, a horizontal floor should be
attachable over it to enable the workmen to move about and handle their tools.

Sometimes cages have an attachment for arresting their descent in the shaft in

the case of a broken rope, and are then called “ safety cages.” A great number
of these safety appliances are before the public, but they do not seem to come
into general favour. They all consist of a contrivance for gripping the guides

when the strain of suspension is removed.
The uncertainty, however, of their acting when the necessity arises—it may be

years after being put in—seems to preclude their adoption as a means of safety.

Fig. 41 .—Broadbent Safety Cage.

A

Probably the feeling is that, as something must be relied upon, and as

the complication and multiplication of appliances, the greater the liability for

something to go wrong, it is preferable to rely on good ropes, properly looked
after, and worked with a due regard to their margin of safety.

Broadbent Patent Safety Cage .—Fig. 40 shows a side elevation of the

apparatus, and Fig. 41 a plan of the eccentrics and guides of Broadbent’s
patent safety cage. AA are the guides; B the suspending chains; CC levers

to which the suspending chains are attached, and which, when the weight is

carried, keep the eccentrics EE from coming in contact with the guides; D
is a spring for giving motion to the levers CC, and eccentrics EE, if the

rope breaks
;
F a wrought-iron plate at side of cage to carry the apparatus

;

GG frame-work of cage. From this description it will be readily understood
that if the suspending rope breaks, the springs will force the eccentrics EE
against the guides, and the cage will remain suspended.
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It will also be observed that every time the cage is on the keeps, both at

the top and bottom of the pit, the rope will slacken and the apparatus will

come into action and press upon the guides. By altering the edges of the

eccentrics they can be made to suit iron wire guides.

Calows Safety Cage .—This differs from Broadbent’s inasmuch as it is not

dependent on its action on any direct attachment to the rope. Fig. 42 shows

a perspective view of the apparatus.

A is a guide, the other being removed for the sake of exhibiting the mechanism
of the cage

;
B the suspending rods or chains

;
E an eccentric carried by a shaft

*'ig- 43- Fig. 44. Fig. 45. Fig. 46.

Ormerod’s Safety Link.

H, on which is also keyed a lever, C
;
D is a spring which is made to suspend

the weight I, and keep the eccentrics E clear of the guides so long as the speed
of the descending cage does not approach that of a falling body. But by the

cage falling, or through any sudden jerk, the pressure of the weight I on the

spring D ceases to be so intense, and therefore, the spring lifts it and sets in

motion the eccentric E, which grips the falling cage. The apparatus, there-

fore, does not come into action each time the cage is stopped or rested on the

keeps.

There are many other safety cages, but the principle of their operation is

somewhat similar to those described.

Detaching Hooks.—Closely associated with safety cages are contrivances of

a similar character for preventing the cage from falling when severed from the

rope through overwinding. The object sought to be accomplished in these

overwinding safety appliances is to cause the link by which the cage is sus-

pended from the rope to release its hold of the rope and take hold of a portion

of the framework of the headgear.
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The Mines Act, 1887, does not make the use of any overwinding appliance
compulsory, but a limit of speed is fixed, when men are being raised, if the mine
is not provided with an automatic contrivance to prevent overwinding.

Onnerod's is one of the best of these safety links, and is the invention of
Mr. Edward Ormerod, of Atherton, near Manchester.

Fig. 43 is a cross view of the link.

Fig. 44 is a side view of the same.
Fig. 45 represents the position it assumes when wound up into the cylinder,

the rope shackle being disconnected, and the link firmly locked in its position.

Fig. 47 .—Arrangement of Catch-plate in Headgear for Ormerod’s Safety Link.

Fig. 46 shows the rope shackle re-connected for lowering the link through the

cylinder.

Fig. 47 shows a section of the cylinder as fixed in the headgear or pit frame,

also the platform for convenience in re-connecting the rope shackle.

It will be seen on reference to the engravings that the apparatus when in ordinary

use, as in Fig. 44, is wider at the bottom than the top
;
but in the event of over-

winding, the link is drawn into the bell-mouthed cylinder F F in Fig. 45, the

wide part of the link at H H coming in contact with the cylinder at F F, thereby

closing the bottom part of the link, also causing the top part to expand and the

projections to catch over the top of the cylinder, while at the same time the rope

shackle A is forced out of its seat, thus being allowed to go free; the bottom shackle

B drops into the slot D and locks the link firmly in its position. The cage being

suspended from the chain cannot fall back. To prevent the possibility of the
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link becoming disarranged in ordinary work, a small pin, P, is inserted through
the plates, which pin is sheared off as the apparatus passes into the cylinder.

For lowering the cage the shackle is attached to the ear on the middle plate as

shown in Fig. 46. On removing the pin C, and slightly winding the rope, the
middle plate (having a slotted hole in it) is elevated into the position shown, and
allows the apparatus to pass down through the cylinder, and safely lower the
cage.

The following advantages are claimed for it :

—

1. It is self-contained. The load in ordinary work being carried from the
outside plates only, thereby avoiding appreciable wear to its working
parts.

2. The clasp stud E, which lips over the top part of the outside plates,

considerably strengthens the hook in case of any excessive strain or jerk,

and also assists the hook in taking the first shock in case of overwinding
at a very high speed.

3. When detached the middle plate constitutes additional metal thrown out,

and the hook is therefore actually considerably stronger than when in its

working position.

4. The bell-mouthed cylinder for detaching the hook is a substantial

and exceedingly strong

fixing for the headgear,

and is never liable to

be torn away, neither

does it collapse or in-

jure the ropes through
vibration.

5. The cylinder also affords

a much more effective

entrance for the hook
than any other appli-

ance whatever.

Forster & Brindie s is an-

other of these detaching
hooks, and is shown at Fig.

48. Two similar plates, A
and B, are suspended upon a

pin, C, and are made so that

in passing through the detach-

ing plate they are pressed in.

ing plate they open out again so as to prevent the hook from returning. In

case of a partial overwind the hook enters the detaching plate, but perhaps not

sufficiently to cause shearing of the rivet which must precede detachment
;
the

plates then clutch the point of sustainment and prevent the cage from falling

back. Where the overwind is complete, the plates A and B are pressed in as

they pass through the sustaining plate, and immediately after being through,

are pressed out by plates D and E, which also cause detachment. The
rope is expeditiously re-attached, to effect which the connection with the

rope is made, and the weight tightened on it, the two plates, A and B, are

pressed in by hand, and kept in whilst being lowered through the detaching
plate, after which work may be resumed.
There are many other patent detaching hooks, but the difference between them

and those described is not sufficient to justify a description of each.

To some extent the same remarks apply to the use of disconnecting or

detaching hooks as those on safety cages. They have been known to fail

On emerging from the upper end of the detach-
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at the moment of their need—probably owing to the high speed at which the
cage was overwound. A lamentable example of this occurred in Yorkshire in

1886, where the cage with ten men in it was overwound, broke the bolts and
fastening of the catch-plate and carried it away. The hook detached at the
same time and the cage and catch-plate fell down the shaft and the ten men
were killed.

It is necessary sometimes to have pipes placed in the shaft to convey steam
or compressed air to an underground engine, and to place pumps or a rope
communicating with an underground engine plane from the engine at the surface,

but the method of securing the pumps will be described later on.

The Headgear, Fig. 49, consists of a pulley-frame which may be of pitch
pine timber, or wrought iron, that in the Fig. being of timber. The uprights,

two or four in number, forming the frame, and the two back-stays or inclined

pieces are the main features of a pulley-frame, and are so arranged as to best

resist the strain on the pulleys, which is of a twofold character, viz., the vertical

strain from the load in the shaft and a side strain towards the engine. The
uprights vary in height from 30 to 70 feet, and are generally made of pitch

pine from 12 to 16 inches square. The back-stays are of the same sectional

size, and should be placed at an angle to the uprights, and as nearly parallel

as possible to the ropes from the drum to the pulleys. A good rule is to let

the rope make not less than an angle of 45 degrees in going over the pulley.

Diagonals and strengthening pieces are also placed across the uprights near the

pulleys for strengthening their support. Pulley-frames made of iron admit of a

greater length than wood. It is unwise to have the pulleys placed too near the

level of the pit top, for with engines on the first motion, and having large drums,
half a stroke of the engine may take the cage to the pulleys.

One of the inclined pieces should have steps and a hand-rail formed on it, or
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a separate ladder provided, so as to admit of an attendant going up to examine the

head-gear and oil the pulleys.

Each upright should rest in an iron footing placed upon a specially prepared
pillar to take the vertical pressure. The backstays should each rest on ashlar

Fig. 50.—Pit-head Frame erected by Messrs. Thornewill & Warham at the
New Hall Park Collieries.

or concrete foundation, and not against the engine house wall. Where space is

limited and the engine house is necessarily erected rather near the shaft, there is

no objection to the backstays being taken through the engine house wall so as

to rest against the engine pillars. They should always be taken up to the centre

of the pulleys, and not as sometimes seen to a point below this which gives the

backstays less resisting power to the strain on them. The whole framework
should be frequently painted for the preservation of the material composing it.

C.M.H. E
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The pulleys, usually placed side by side, have wrought iron arms, the rim and
central boss being generally of cast iron. They should be placed with proper
regard to the lead of the ropes off the drum to the pulleys, so that the angle of

the rope to each is equal. The rim is made to suit the kind of rope to be used,

and is grooved accordingly. Pulleys are usually from io to 20 feet in diameter.

In deciding on a suitable size, it must be borne in mind that ropes receive more
injury from working over small pulleys than over large ones, and consequently

wear out quicker. A good plan is to have the pulleys the same size as the drum
of the winding engine, a rule for ascertaining which is given later in this Chapter.

Provision must always be made for their adjustment and oiling.

Fig. 50 shows a Pit-head frame which is elegant in appearance and of great

strength, as made by Messrs. Thornewill & Warham, Engineers, of Burton-on-
Trent, and erected at the Earl of Carnarvon’s New Hall Park Collieries, near
Burton-on-Trent. The general arrangement of the pit bank is also shown
in the Figure.

The height from pulley centres to pit bank is 40 feet, the pulleys being 1 5 feet

in diameter. The legs are of open lattice work with 4" x 4" x angle iron

bars connected by flat bars 2J" x f", and are suitably cross-braced and stiffened

by plate girders and spandrils of various sections.

The platform around the pulleys is fenced and access thereto is obtained by a

stairway on one of the back-legs.

The pulleys are of the usual type, having cast-iron rims and bosses with

wrought-iron arms, and are fitted with steel spindles having journals running in

pedestals with adjusting screws and ample lubricating boxes attached.

The legs are provided with cast-iron plates at their feet, bedding on stone

blocks mounted on brick pillars, and secured by large foundation bolts.

For lighter loads and small plants the frames are constructed of I and U iron

sections and are very neat, and strong, and preferable to wood.
When required for shipment the frames are erected, and marked before being

taken to pieces, and the necessary bolts provided for locking together in re-

erection.

Ropes are now usually made of steel wire of different qualities, all being

stronger than iron for the same size
;
and they may be round or flat. The round

are preferable and certainly the most popular. Ropes of hemp are also used, but

only to a limited extent, and are gradually falling into disuse for winding.

Wire ropes should be carefully protected with best water-proof grease. The
safe working load of ropes may be taken at from £th to Jth of the breaking strain.

A close approximation to the safe working load of ordinarily-made wire ropes moving
at high speeds is found by multiplying the weight of the rope per fathom in pounds
by 5 for iron wire, and by 8 for steel wire, and consider the product as hundred-
weights. Thus, an iron wire rope, weighing 16 lbs. a fathom, has a safe working
load of 16 x 5 = 80 cwt.

;
a steel wire rope of the same weight, 16x8= 128 cwt.

These are only rough approximations—rules that can be easily carried in the

memory. Andr6, in his Treatise on Coal Mining
,
gives the following rules

to find the safe working load. C = V4 L for iron wire and C = ^2*4 L for steel

wire, where C = the circumference of the rope in inches and L= the safe working
C2 C2

load, and therefore L = — for iron wire and — for steel wire.
4 2*4

The following rules were at one time used by some rope manufacturers, but

the difference in quality of the materials used renders the rule of little practical

value. Owing to this difference probably, there is a want of uniformity in the

strength of similarly-sized ropes quoted by manufacturers. Let B = breaking

weight in tons, and W= weight per fathom in pounds. Then for hemp ropes

W= B
;
for iron wire ropes WW55 B; and for steel wire ropes W=’33 B. Or,
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where C = circumference of rope in inches (where the ropes are flat C will answer

for the perimeter) and B = breaking weight in tons.

Then for hemp ropes B = *25 C2
;
for iron wire ropes B = 1*5 C2

;
and for

steel wire ropes B = 2-5 C2
.

The working or safe load is for— Round Flat

Hemp ropes . . . -]th £th of breaking strain.

Iron wire . . . . -fth Jth do.

Steel wire . . . ^th ^th do.

Suppose, then, it becomes necessary to know the diameter of wire rope which
would be equal in strength to a hemp one of 4 inches diameter, it would be found
thus : the ratio that the square of the diameter of an iron wire rope bears to a

hemp one in point of strength is as 1*5 : *25. Therefore as 1*5 : *25 :
: 4

2
: 2*6, and

^2*6 = 1*633 inch as the diameter of the iron wire rope. Similarly, if it be
required to know the diameter of steel wire rope which would be equal in strength

to the hemp one of 4 inches in diameter and the iron wire rope of 1*633 inch
diameter, the reasoning would be thus : the ratio that the square of the diameter of

the steel wire rope bears to the hemp one in point of strength is as 2^5 : '25 :: 4
2

:

i*6 and </i '6 = 1*265 inch as the diameter of the steel wire rope.

The duration of a rope depends upon circumstances. If placed in a wet

shaft where the water is impregnated with mineral acids, or in an upcast shaft

where gases injure the ropes, they will not last so long as those working in dry

shafts. Ropes subjected to rapid winding are injured more than where slow

speeds of winding prevail. The average duration of flat wire ropes is usually

taken at one year, and that of round ropes at a year and a half
;
but it is impos-

sible to fix a hard and fast line, on account of the great difference in circum-

stances under which ropes work. The speed of winding, freedom from chemical

action, careful attention and greasing, the number of hours used per day and the

number of days per year, are all elements affecting the duration. In putting on
a rope care should be taken to pass it through the exterior of the drum on an

easy curve, and then to coil it round the drum-shaft once or twice before securing

it thereto. A rope should be long enough to admit of a couple of coils on the

drum when the cage is lowered to the pit-bottom. The other end of the rope is

secured to the cage by “ capping.”

The most frequently used method of “ capping ” a round wire rope is as

follows :—A strip of iron is worked into suitable shape to form the cap. The
central portion is well rounded for a few inches, sufficient when the two ends are

afterwards bent over towards each other to form a strong loop or bow to take the

D link which holds the cage bridle-chains. The two sides of the cap are rather

smaller at the ends than next the loop, and are curved to receive the rope between
them. Rivet-holes are drilled opposite each other in the two sides. Besides this

socket, two rings of iron are prepared of such sizes as to afterwards fit tightly

over the joint. These rings are closed before going on, and fit somewhat
loosely over the rope

;
they are passed over the end whilst hot. About 2 feet back

from its end a piece of copper wire is now bound round the circumference of the

rope. The wires at the extremity are then opened and folded back upon the

rope, the fold taking place at the copper-wire binding. Another length of copper
wire is carefully and tightly wound over the folded wires so as to bring them into

close contact with the rope and prevent any wires from projecting. As the binding
proceeds upwards the folded wires are thinned gradually by cutting off a few at

a time, until, when the binding has reached the top, a cone has been thereby

formed at the extremity of the rope. In this state the rope is inserted between
the two sides of the socket, which are easily spread open for the purpose. The
sides are then, by means of clamps, pressed tightly against the rope and held

firmly so, whilst rivets are driven through the socket and the heads formed on

e 2
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the rivets. The operation of riveting is attended with some practical difficulty.

The holes are not drilled recklessly through the rope, as a drill in advancing
straight across would sever many of the wires obliquely crossing its course, and so

weaken the rope. To avoid cutting the wires and yet obtain a passage through
them and past the cores without injury, a short needle is used, having a point at

one end and a head and eye at the other. The needle is struck by a hammer or

turned by passing a short rod through the eye, whilst attempts are made to direct

it to form an opening between the wires and past the cores, without cutting them,

in line to the corresponding rivet-hole on the opposite side. Frequently the

needle, after piercing the rope, reaches the other side considerably off the

desired point, and many fruitless attempts are made before the object sought

is accomplished. When the rivets, usually three in number, are closed, the

larger of the two rings, which was put over the rope last, is brought down over the

joint and firmly pressed into its position on the socket near its bottom end. The
other ring is then served similarly. It takes up a position near the top of the

joint. As the rings cool they contract and tightly grip the socket.

Fig. 51 shows the capping on a rope performed in this way. The object of

the rings is to prevent the socket from opening or parting from the rope. They
give additional security to the rivets by resisting the force within the joint (re-

sulting from lifting and raising the cages)
;
and after the rope has been running

some time, if the rivets give way, the rings still have considerable grip on the

rope, because the bottom end of the socket is larger in diameter than the top

(due to the folded and cut wires), and the strain caused by lifting the cages

tends to pull the rope through, and so wedge into closer contact the rope, socket

and rings.

At some collieries the practice is to put the rings on in a cold condition.

Where put on hot, it often happens that the time taken to bind the copper wire

and drive the needles has allowed the rings to cool. They may, however, be
heated again whilst on the rope before being dropped into place on the socket.

Another method of capping a round wire rope is shown at Fig. 52. A piece

of round iron sufficiently long to form the socket and of slightly tapered form,

has a conical opening bored through it. Near its lower extremity, which has also the

larger diameter, a bolt-hole is cut, the two circular openings being opposite each
other. The rope is threaded through the aperture from its upper end, the opening
being just large enough to allow of this. The lower extremity is slightly larger.

The wires of the rope are folded back when the rope is well through the socket,

and the end, as now shaped, pulled back into the aperture. The two bindings

of copper wire should be wound as in the previously described method.
The folded wires prevent the rope from being pulled farther than a point

sufficiently clear of the bolt-hole. Molten lead is now poured from a ladle in

through the larger diameter of the aperture, the socket being inverted for the

purpose. The lead fills up all the interstices between the rope and the inner sides

of the socket. It is then allowed to cool, when the lead and rope form a hard

solid mass within the aperture strong enough without rivets to resist the strains

put upon it afterwards. A D shaped link for the reception of the cage chains is

secured by a square-headed bolt passed through the bolt-hole in the socket and
kept firmly in place by a cottar, driven down vertically at the tail end of the bolt.

Besides the molten lead, a plug with a thread formed on it is screwed into the

socket on the under side.

A third method of capping a round pit-wire rope consists in preparing a

wrought-iron socket with the loop formed at its lower extremity and welding the

socket down one side, leaving the central conical opening as in the other methods.

Rivet-holes are then drilled in the socket, and the manner of further procedure is

much the same as in the first described method. The first given method of

capping is preferable, as it allows of the rope within the socket to be partially
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examined, whereas in the other methods the rope at the cap is quite hidden from
view.

At some collieries it is customary to fix the cappings without the use of rivets.

Where this practice is followed, three or four rings or hoops are used, according
to the size of the rope, the weight to be lifted, and the length of the cap. After

slipping the hoops up the rope in their proper order according to size, the rope
may be prepared in one or two ways. Small wire is tightly bound round the rope

two feet from the end, the strands are untwisted and the core of the rope removed.
The wires are then bent back the opposite way to the strand, care being taken to

tuck them under every other strand, and also to cut off some wires between each
tuck so as to make the rope taper for receiving the cap

;
or it may be done after

cutting away the core by bending back the whole of the wires around the rope,

thinning them out to the required taper. In each case after the tucking or turn-

ing back is completed, small wire is wound round outside so as to make the rope
as solid and uniformly taper as possible. The cap, having been made hot at the

bow, is then laid to the rope and by means of clamps pressed down tightly to it

;

the hoops are then slipped down over the cap and driven home.



$4 fitting up the shaft and surface arrangements.

Caps should be made of the best selected iron, and those for round ropes be
made upon a tapered mandrel, so that they may be well shaped.

In frosty weather, the first cage journey should not be started with a full load

—it is much better to give the ropes one or two runs with light loads before

starting full work.

The systems of capping round pit wire-ropes are adopted also on incline and
engine plane ropes, except that in their cappings the rings, or hoops, which would
be inconvenient, are omitted.

With flat wire ropes, the method of capping differs from any just described.

Fig. 53 illustrates the plan adopted. A portion of the end of the rope is doubled

back over a wooden roller (protected by a thin covering of iron) through the centre

of which is a bolt-hole. Above the roller, the surface of the doubled back portion of

the rope is pressed firmly against the surface of one side of the rope. It is secured

in this position by a series of glands placed about a foot apart. The gland con-

sists of a three-sided strip of flat iron except at the extremities where it is rounded,

and a thread cut to take a nut. Another flat plate, which is a straight plate rather

longer than the width of the rope, is passed over the ends of the three-sided plate

whilst the latter is in position, accurately fitting round the joined portion of rope.

A nut is then run on the thread prepared at either side of the gland, and the

doubled rope is tightly gripped within the two plates, as it is enclosed by their

four sides.

Two discs or cheeks of thin iron, having boltholes cut to correspond with that

in the roller, are bolted one at either side of the roller, each bolt going through

the two discs and the roller. The diameter of the discs is sufficient to form
flanges to the roller and keep the rope securely on it. A D shaped link is then

fastened by means of a bolt to the underside of the roller and this link receives

the cage chains.

In some instances, a short iron cylindrical tube is used without the interior

packing of wood, round which the rope is passed, and the D link secured below
by a bolt passed through the interior of the tube. No flanges are used, the

D link at the bottom of the rope preventing its slipping from the iron roller, which
is slightly longer than the width of the rope. This is a very simple method of

capping, but not quite so safe as some others.

Another method of capping flat wire ropes is by using a wooden block of a

pear-shaped instead of a circular section. The thin end is placed upwards, and
it is bored with a central hole. Where the rope passes round this wooden block

long or short clamps are used. The clamps are shaped to suit the blocks, and
are provided with bolt-holes to receive bolts and nuts above and below the wooden
block for securing the rope. With a long pair of clamps, there may be one bolt

below and three or four pairs above. With a short pair of clamps, one bolt is

placed below and a pair above the block. Above the short clamps two or three

separate pairs of short plates, rather longer than the width of the rope, are placed,

each pair being provided with bolt-holes through which, by means of two bolts

and nuts, they are brought to bear upon the rope between them. Before being

tightened, oval-shaped pieces of wood are inserted between the two surfaces of

the doubled rope at points intermediate to the pairs of plates. These bulge the

rope out and form it into wedge-shaped portions which tend to keep the rope

tight against the plates and so prevent it from slipping.

At some collieries, a practice, which is to be recommended, is to re-cap the ropes

periodically, say every 3 months or so, whether there is any apparent necessity or

not.

When fixing a new rope it should be carefully uncoiled off a reel used for the

purpose.

The following observations for users of wire-ropes by Messrs. Wilkins & Co.,
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the well-known wire rope manufacturers, are much to the point and deserve the

attention of all interested :

—

“ Qualities of Steel Wire.—There are four qualities of Steel Wire used for

Wire-Rope making, viz.

:

Extra Plough Steel ...

Mild Plough Steel ...

Best Patent Steel

Bessemer Steel

Breaking Strain.

i io to 120 Tons

95 to ioo „
8o to 85 „
40 to 45 „

Per square inch
Sectional area

do.

do.

do.

“ Plough Quality Steel Wire.—Ropes made of good Patent Steel Wire
of a tensile resistance equivalent to 80 to 85 tons per square inch, usually prove

more satisfactory than those made of Plough quality Steel Wire, which is always

very speculative, especially when run at high speed and round pulleys except

those of very ample diameter.
“ Specifications.—Users of Wire Ropes would often buy more advantageously

by first submitting specification of working to the Wire Ropemaker for advice as

to the kind of rope best adapted to any particular work. Specifications should

state: 1. Length of Rope. 2. Size of Gear. 3. Speed. 4. Load, exclusive of

Rope. 5. If for wet workings. 6. Rate of incline. 7. Particulars of curves.

“ Working Loads.—Many Ropes are seriously damaged by being overloaded.

The maximum working load at average speed, including weight of Rope, should

not exceed an eighth of the breaking strain, or at high speed a tenth of the break-

ing strain.

“ Gear.—Great care should be taken that Wire Ropes are not worked round
drums or over pulleys (at brows or angles of whatever degree) of insufficient

circumference, and that they do not strike against any hard substance while in

motion.
“ Storing.—Wire Ropes must be very carefully stored. They should on no

account be placed on the ground, but on sound planks raised several inches from

the earth, so that they may be free from damp. They should also be covered

with a tarpaulin and regularly inspected from time to time.

“ Uncoiling.—Much care should be taken in uncoiling Wire Ropes, to prevent

kinking. The coil should not be laid stationary, but should be placed on a turn-

table or reel. Unwind from the outer end.
“ Grease.—To prevent corrosion, all working Ropes should receive a regular

dressing thoroughly laid on by passing the rope between roller brushes well fed

with Wire Rope Grease.
“ Starting .—The greatest strain on a Rope being at the moment of starting,

every care should be taken to insure perfect steadiness of movement, as jerking

is ruinous to Ropes.
“ Changing Ropes.—A Rope may be changed from a smaller to a larger

drum, but not from a larger to a smaller one.

“ Lightning Conductors.—Undoubted evidence exists of the explosion of fire-

damp in Collieries through sparks from atmospheric electricity being led into the

Mine by the Wire Ropes of the shaft and the iron rails of the galleries. Hence
the headgear of all shafts should be protected by proper Lightning Conductors

as suggested in the Report of the Lightning Rod Conference, 1881.
“ Safety.—Nothing costs too much on which life depends.”

The following tables of breaking strains and working loads of ropes, and also

the weights and strengths of chains, are issued by Mr. Frederick W. Scott,

another well-known rope manufacturer :

—
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Comparative Table of the different qualities of Steel Wire Round
Ropes, showing Breaking Strains and Working Loads.

Approx. Bessemer
Weights per

Fathom.
Steel

Crucible Improved Improved Breaking Working

tute for

Charcoal

Cast Patent Plough Strain. Load.

Size. Lbs.
Steel. Steel. Steel. Tons. Cwts.

Cirfe. p. Fm. Iron.

3
4

3
4 I I

7

8
3
4 2 4?

1
8 I t

3
1 8 4 lA 7

8 3 6!
I *4 if T 1

1 2 I 4 84

it if if If it 5 II

4 if 2 4 It 4 6 i3i

if 2 2? 2 T
A

1 8 if 7i i 6|
if 4 2f 4 T 3

a 4 4 9 20

If 3 2t 4 2 4 ioi 2 3?
if 3? 2 3^4 4 2 | if 13 29

si 3 2 -Z
8 2t 4 Hi 3 2 i

2 4j 3i 2 -2-^4 2 | 2 1 7 37i
2 —2
8 4f 3t 3 2t 2 l 18 40

4 5t 3i
3f

2
8

2 i 21 46i
2f 6 3t 3i 2 —24 2 § 22 49

«t 6t 4 3i 3 2t 25i 56!

7 4t 3f 3t 2 8
28 62|

2— 8 4§ 3f 3§ 2 f 3 1 69
2 8 8i 4f 4 3t 3 3 6 80

3 9 4f 4t 3l 3t 39 86

3f 92 5 4§ 3f 3i 42 93

3? ioi
i 5i 4f 4 3i 49 109

3f iof
|

5t 5 4f 3! 56 125

3i 12 6 5i
A 3
44 4 67 149

3t I 2f 61 6 5 4? 76 169

3f i3i 7 5i 4t 88 196

4 i5t
i 6i

7? 6f 5i 4| 94 209

4s

4?
4 3

i7i
i 8f
20

The Weights of Ropes given are for Wire Cores
48

4i
in Strands and Main Core of Hemp.

4f 20f
2 lt

From 3I" to the weightsi are for Ropes

4f made compound.

4i
5

5t

22

22§
The weights of Compound Ropes vary accord-

24 ing to construction.

52 26 For Hemp Cores in the Strands deduct ith
5f
6

30

34

37

for sizes down to 3 §".

4
For Wire Main Core add |th to the weights

40 given above.

6! 43

7 48

7t 52
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Comparative Table of the different qualities of Steel Wire Flat
Ropes, showing Breaking Strain and Working Loads.

Approxin
Weigh

per Fath

Size.

iate

it

om.

Lbs.

p. Fm.

Bessemer
Steel,

or Substi-

tute for

Charcoal
Iron.

Crucible

Cast

Steel.

Improved
Patent

Steel.

Improved
Plough
Steel.

Breaking
Strain.

Tons.

Working
Load.

Cwts.

2 2 X \ *3 2\ x f I 9i 43
2 8 X \ 14 2ivl24 X 2 ... 23 51

2f Xi 15 3 xf ... 25 55

3 xf l 9 3i x f 2jx‘i 28 62

3s x 8 21 3i x-ri 2 f Xf 2 — x —24 A 8 32 7i

3t x t 22 3fxf 3? xf 2 f Xf 24 A 8 36 80
3£xi£ 23 4 Xf 3i xH 3 xf 2 2 X 2 44 97f
3i x i 27 4lXif 3fxf 3i x f 2f Xf 49 109

4 Xf 30 4|X| 4 xf 3i x f 2fxf 55 122

4jx|f 32 4fxf 4§ x-M 3iX-H 3 xf 68 151

4§ x ff 33 5|xi 4fxf 3f xf 34 x f 79 i75i
4ixf 3i 6 xf 5 xf| 4 xf 3ixfi 9i 202

4fxf 32 5fxi 4|X| 34 xf 105 233
4fxf 34 4f X f 4 xf no 244

5 Xif- 37 ... 5TXff 4jXfi 125 277
5
?xi| 38 ... 5 f xi 42 xf 148 329

5fxi 41
6 xf 44

The Weights of Ropes given are for Wire in centre of each
Strand, if made Hemp centres, deduct about £th.

Conductors or Guide Rods.

Circumference z\ z\ z\ 3 3J 3! 3I 4 4J inches.

Weight per Fathom 8f 9 iof iif 13J 15! i8f 31^ 25 lbs.

Diameter.

Inches.

Table of Weights and Strengths of Chains.

Weight
per

Fathom.
Lbs.

5i •

8 .

10J .

13! •

17 •

22

26

30 •

36 .

42 .

49 •

55 •

60
68 .

Proof
Strength.

Tons.

1-27

1-83

2*5

4

5

6

7-25

10

11 5

13

15

18

22

26

Diameter.

Inches.

T1
1 6

I_5_

i
6

1 8
T 7
A

1 6

i*
T 9
1

1 6

T
5-

1
8

iUL1
1 6

.3
A 4
ITf

tJJL1
1 6

2

Weight
per

Fathom.
Lbs.

76 .

84 •

93 •

102 .

hi
120 .

128 .

136 .

142 .

148 .

150 .

162 .

171 .

180 .

Proof
Strength.

Tons.

29

32

35
38
41

44
48

52

56
60

65

70

75
80
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Self-acting incline ropes, and hauling ropes frequently require splicing as a

result of breakage. Pit ropes, are, for obvious reasons not spliced.

A common method of repairing a broken rope is by a shackle joint. The
method of capping a rope, shown in Fig. 51, is to a large extent followed, but

the rings over the joint would be greatly in the way and are therefore not used.

A socket with bow having been riveted to one end of the broken rope, the other

Fig. 54 .—Repairing Broken Wire-rope.

end is similarly treated and the two ends are joined by means of a link passed
through the two loops and carefully closed, see Fig. 54. A rope joined in this way
may last a long time, but there is an increased amount of friction caused by the

joint passing over the rollers.

The following method of splicing ropes is advised by Mr. Frederick W.
Scott, of Reddish, near Stockport :

—

“ In splicing a wire rope the greatest care should be taken to leave no project-

ing ends or thick parts in the rope. Heave the two ends taut, with block and

d cf 12 3

Fig- 55 .—Rope-splicing.

fall, until they overlap each other about twenty feet. Then open the strands of

both ends of the rope for a distance of ten feet each
;
cut off closely the main

heart or cores (see Fig. 55), and then bring the open bunches of strands face to

face, so that the opposite strands interlock regularly with each other.

“ Secondly.—Unlay any strand, a, and follow up with the strand 1 of the other

end, laying it tightly into the open groove left upon unwinding a, and making

Fig. 56 . Rope-splicing. Fig. 57-

the twist of the strand agree exactly with the lay of the open groove, until all but

about six inches of 1 are laid in, and a has become twenty feet long. Next cut

off a within six inches of the rope (see Fig. 56), leaving Jtwo short ends, which

should be tied temporarily.
“ Thirdly.—Unlay a strand, 4, of the opposite end, £and follow up with the

strand/, laying it into the open groove, as before, and treating it precisely as in

the first case (see Fig. 57). Next pursue the same course with b and 2, stopping,

however, within four feet of the first set
;
next with e and 5 ;

also with c, 3, and

d, 4. We now have the strands laid into each other’s places, with the respective

ends passing each other at points four feet apart, as shown in Fig. 58.
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“ Fourthly.—These ends must now be secured and disposed of,

without increasing the diameter of the rope, in the following

manner :—Insert marlinespike through the centre of rope and

cut out six inches of main core, and place the end of i under a into

the place occupied by the core, and then cut out the core in the

same way on the right and place the end of a into the place of

the core in like manner.
“ The ends of the strands should be straightened and lapped

with fine hemp seizing before being put in. Then dispose of the

remaining ends alternately in the same manner. After having

done this, the rope should be well closed, and any unevenness

or irregularity can be taken out by pounding it with a wooden
mallet.

“In cases where ropes are heavily worked, when tucking in

the ends pass No. i over a and b over No. i. This mode of

splicing ensures a very tight grip, and has been found to answer

admirably/’

This method of splicing is most effective, but as it occupies a

considerable time to perform it is not usual to splice the rope

during the working hours of the day. To do so then would
interfere with the pit traffic, more especially in the case of a

hauling rope, and seriously reduce the day’s landings and work-
men’s earnings. At well-conducted collieries, spare shackles

are kept ready for use at a moment’s notice. If a rope break, the

rope repairer, provided with the shackles, joins the broken ends
in accordance with Fig. 54, and the pit is soon in full operation

again. But this is regarded only as a temporary expedient for

getting the day’s coal out with the least possible reduction in

output. When operations for the day cease, and at a time when
the temporarily joined rope is not in use, the rope splicer descends
the shaft, takes off the shackles and carefully performs the splice

shown in Figs. 55—58.

Shaft Signals.—Separate and distinct signals are required

between the pit top and every stopping or landing place in

the pit and vice versa . The system may be either the ordinary

one of wires working bells or hammers, or by electric signals,

speaking tubes, or telephones. Whatever system is employed a

code of signals is necessary.

In deciding on a system of signalling the importance of some
means of communication between the men in the cage while

being drawn up or let down the shaft, should be kept in view.

Electricity offers the best means of attaining this object in dry

shafts, as each cage may work through a wire, or a couple of

wires placed close together, within easy reach of those in the

cage. Besides the facility thus offered for the occupants of the

cage to signal to the surface in case of accident, electric signals

would be convenient to those engaged in the examination or

repairing of the shaft.

An electrical shaft signal has been invented and patented by
Mr. W. Armstrong, jun. It is an electrical appliance by which
signals can be interchanged between those in a cage either in

motion or at rest and the engineman. An insulated core is carried in one of

the strands of the winding rope, the lower end being attached to a ringing key in

the cage, and the upper to a commutator on the engine shaft, through which the

Fig. 58.—Rope-
splicing.
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current passes to an ordinary stroke bell. Telephones are used and conversation
carried on between the occupants of the cage and the engineman at any portion
of the winding.

The Stage and its Fittings.—The stage should be arranged to suit the

particular circumstances of the colliery, but a good plan is to raise it on cast

iron columns 20 to 24 feet above the railway level to allow for proper screening

arrangements and for the largest trucks to be loaded under the screens.

Besides screens the staging should carry the weighing machine, tables and
cabins. There may also be a small smithy for sharpening picks, &c., and a
workshop for repairing tubs if space is available

;
but none of these erections

should in any way interfere with the view of the winding engineman, which must be
clear and uninterrupted, so that he can watch the cages as they come up the pit.

The “tippler,” “tumbler,” or “kick-up” is a contrivance for facilitating the

discharge of the coal out of the tub on to the screen
;

it is placed close to the

top of the screen and the tub on being pushed into it, in some cases turns right

over and in others sufficiently so to allow the coals to pass gently into the screen.

The attendant afterwards easily puts it into its original position and returns to

the shaft with the empty tub.

A recently improved patent kick-up works automatically, and may be
associated with a self-indicating weighing machine. The tub on entering the

tumbler causes the weighing machine to register its weight and directly after-

wards turns over, shoots out the coals, and returns to its usual position. The
weight of empty tub is then registered and deducted from the previously taken

gross weight. The self-righting tippler is so made as to allow the full tub to

follow in and push the empty forward as it enters. A vessel is attached to the

bottom of the kick-up in which is placed a liquid, the weight of which is

sufficient to cause the tub to right itself. It thus gives the kick-up its automatic

action. The tub turns over side-ways, not end-ways as is usual.

In placing the upright columns which carry the stage, care should be taken

that they rest on a solid foundation of stone and that they are well arranged,

and with at least 2J feet clear space between them and the side of the waggons
while being loaded under the screens, so as to avoid accidents. The floor

about the railway under the screens may be paved to enable the coal to be swept
up unless the pipes, &c., laid, render it inadvisable. If more than one screen is

erected to load on the same line there should be sufficient space between them
to allow for the largest railway wagons. The length and pitch of the screen

will depend on circumstances—the size, quality and freedom from impurities

in the coal raised. A very usual pitch is 1 in 2. The sides are usually of wood
or iron, the bottoms of cast iron plates. There should be a slight fall from the

shaft to the screens. The screen bars may be of wrought-iron or steel and are

usually placed to have from \ to i| inch space between them, according to the

circumstances of the colliery. The railways about the screens should be laid at

such gradients that empty wagons will, by gravity, quietly move under, and
loaded wagons move away from the screens on being started. The greatest

difficulty in the matter is, that if the gradients are suitable for good weather,

they are certain to be too flat for winter during frost and snow
;

if they are made
to suit winter weather, they are too steep in good weather or during rain, and
entail much labour in either pushing, or braking and spragging in these extreme

seasons. Some wagons run much better than others, so that an inclination

suitable to one may not answer so well for another. It is usual to adopt an

inclination of from fths of an inch to J an inch per yard.

Where greater facilities are required for cleaning and preparing different

kinds of coal and of various sizes, such as nuts, beans, peas, small, duff, &c.,

more elaborate arrangements are provided, which are worked by machinery,
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such as revolving riddles, moving bands, vibrating screens, and cleaning tables.

There should be 6 feet of space between each line of railway, and sufficient siding

accommodation for empties and also for loaded wagons for one day’s work.

Winding Engine.—One of the most important of the surface arrangements is

the winding-engine, which is vertical, horizontal, single, or double
;

it may be

a beam engine or geared. The horizontal, direct-acting coupled engines are

unquestionably the best. A single engine causes delay and is an annoyance
when it gets on “ centre ” and every part of the horizontal engine is more open
to inspection by the engineman, than the vertical

;
is easier cleaned, oiled, and

repaired. With 6o-foot high pulley frames there should be not less than 20 yards

between the centre of the drum and the centre of pit, but with higher pulley-

frames the distance must be proportionately greater. The under rope of the

drum is subject to more strain than the other because it is bent one way in

coiling on the drum and another in passing round the pulley.

A few winding engines are condensing, but this arrangement is not easy of

application, owing to the rapidity of winding and the frequent stoppages and
startings. Occasionally winding-engines work expansively,

but the intermittent working of the engines prevents a more
general adoption of this plan, though condensing and ex-

pansion both help to economise fuel. Compound engines

have in a few instances been applied to wind coal. The
Great Western Colliery Co. are about to erect compound
engines to wind coal at one of their shafts near Pontypridd,

the steam for which will be supplied by Lancashire boilers

working at 1 20 lbs. pressure. A higher steam
pressure than formerly prevails

;
60 lbs. being

a very common steam pressure, and modern
Lancashire boilers are made to work at or above

100 lbs. The length of the cylinder is about

double its diameter and is then considered to

be well proportioned. The best position for

the winding-engine is on a level with the

stage top where the tubs are pulled out of

the cages, or but slightly above that level as

it thus affords the engineman on duty a clear

and uninterrupted view of the pit top. It

should never be placed below the stage level.

The cylinders of the winding-engine should

in all cases be behind the drum, so that when the engineman is at the handles, all

parts of the machinery are before him as he looks towards the pit top. The drum for

a round rope may be either plain, conical or spiral. Andre gives the following rule

for plain cylindrical winding drums. Assuming 10 feet to be the minimum
diameter for a wire rope 1 inch in circumference, add 6 inches to the diameter
of the drum for every increase of ^ of an inch in the circumference of the rope.

Thus a 4I inch circumference rope will require a drum 10 feet -f 6 feet 6 inches
= 16 feet 6 inches in diameter. At very great depths there is a disadvantage
in having the drum excessively large, for owing to the inertia at the lift the

power required is much in excess of that during the latter part of the ascent
of the load. This fact has led to the introduction of conical and spiral drums,
so as to equalise, at least to some extent, the strain on the engine.

In conical and spiral or scroll drums shown at Figs. 59 and 60 respectively,

the diameter of the drum is least when the engine lifts the load and increases as

the cage advances up the shaft. There is an objection to the cone drum,
because the rope is liable to slip on it. A spiral drum should have considerable

Fig. 59.—
Cone Drum.

Fig. 60.—Scroll or
Spiral Drum.
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difference in its diameters at the beginning and end of the winding, and to

avoid liability of slipping, the last few coils of the rope in the winding should
lap on a plain part of the drum as shown on the sketch given. The spiral drum
is the most perfect form of counterbalancing known, but is enormously heavy
and costly, and unless for very deep shafts, these disadvantages will outweigh the

advantage gained by its counterbalancing effect.

In winding-engines having cylinders of 25 inches in diameter and upwards,
Cornish double beat valves, being more easily worked, are preferable to the

slide valve, with which, unless it is balanced by a special arrangement, there is

much friction, consequently the engine becomes unwieldy, and there is a difficulty

in reversing it with the steam on. The Cornish valve may be opened and closed

and put into any position with ease without special appliance.

Connected with the crank shaft either directly or by means of gearing is the

drum for winding, the eccentrics for working the valves in the steam chest placed

alongside the cylinder and, usually, the indicator which shows the engineman the

position of the cages in the shaft is worked off the crank shaft itself. The
throttle valve is usually placed immediately under the engineman and by means
of a handle communicating with the valve, he is able to turn the steam into the

engine or to stop its entry at pleasure. Another handle near him communicates
with the reversing gear, and a foot brake is generally attached to the drum, but
sometimes a steam brake is applied in preference. A stuffing box with gland in

the end of the cylinder, prevents the escape of steam there, as the piston rod

works through the gland.

A simple form of automatic brake has been devised to prevent overwinding.

At a point, which the cage, in its ascent, ought not to reach when under proper

control, are placed levers overhanging the shaft. The cage, on striking these

levers, puts into action a steam brake which acts directly on the drum.
Fig. 61 represents a pair of high-pressure winding-engines as made by Messrs.

Thornewill & Warham, Engineers, of Burton-on-Trent. The cylinders are 26

inches in diameter with a 5-foot stroke, the winding-drum being of cast iron.

The cylinders are bolted and keyed to planed facings on the bed-plates, the

covers being fitted with glands and stuffing-boxes, brass-bushed and provided with

square-threaded gland-bolts and nuts. The covers are well stiffened and have

an ample number of joint-bolts and studs.

Branches are cast on the cylinder to receive the nozzle boxes, each having

fitted one steam- and one exhaust-valve, both being Cornish double-beat valves

made of gun-metal, with stems of steel or phosphor-bronze, and are fitted with

bridles to receive the lifting-cams on the rock-shafts which are operated by the

link motion. The reversing motion shown is of the shifting-link type, but the

Gooch and Allan link motions are fitted when preferred. The rods and shafts

are of best iron, and the pins, links, and dies are of steel
;
the eccentrics and

straps are of best cylinder metal.

The pistons are of cast iron of box section, and packed with Oldham’s or other

makers’ special rings if required
;
the piston-rods are of mild steel, the cross-

heads of hammered iron with steel gudgeons
;
the connecting-rods of hammered

iron fitted with brasses, straps, gibs and cottars
;
the cranks of hammered iron

with steel pins, and are shrunk when hot and afterwards keyed on the crank-shaft

which is preferably of best hammered scrap-iron.

The guide-bars and blocks are of cast-iron, planed and having means for

adjustment when worn.

The bed-plate is of hollow box section, well ribbed, and having facings to

receive the various mountings.

The main bearings are fitted with heavy gun-metal steps secured by iron caps

and bolts.

The winding-indicator consists of a cast-iron open-fronted column containing
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the other to the upright screwed spindle. The nut is prevented from turning
round by having a projection fitting into the open front of column, and when the
screw is rotated, the nut travels upwards or downwards along the slot in the
column. A gong is fitted at each end of the nut’s traverse, so that the nut-finger

a long screwed spindle on which is a nut with a finger. The lower end of the
column is bolted to the engine bed- plate, and is fitted with a pair of bevel wheels,
one of which is keyed on the small drag- shaft driven off the main crank-pin, and

Fig.

61

.—

Pair

of

High-pressure

Winding-engines

as

made

by

Messrs.

Thornewill

&

Warham.
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may give notice by striking the bell when the cage is a pre-determined distance

from the end of its journey. This is a positive indicator, and is superior to any
type depending on cords, chains, or clock-faced dials.

The drum has three “centres” to support the wood-lagging, and all are firmly

keyed to the crank-shaft.

A brake, having two straps with the necessary connections, is fitted, and the

reversing-handle, throttle-valve-handle, and brake-treadle, are arranged con-

veniently for the engineman.

All the parts are machined, and the necessary portions of the engine polished.

The cylinders are clothed with non-conducting composition and mahogany
lagging strips secured by polished brass bands.

All holding-down bolts are supplied, and also steam and exhaust-pipe con-

nections to the outside of the engine-house.

The timber and labour for drum and brake-laggings are usually provided by
the purchaser, but the contractor turns up the laggings after they have been
fitted.

Engines are now being fitted with wrought-iron built drums
;
being much

lighter than cast-iron they enable the engines to start more quickly and work more
rapidly.

When automatic expansion is desirable it is usual to fit a tumbler to each steam-

valve spindle swinging on a pin kept up to its position by a spring. The tumbler

has an arm which comes into contact with a cam, the position of which is regu-

lated by the governor that disengages the tumbler-toe from the steam-lifter on the

rock-shaft
;
the steam-valve and spindle are then free to fall, the rate of descent

being controlled by a dash-pot fitted with an adjustable valve.

Counterbalancing.—In all cases of winding coal up vertical shafts with drums
of equal diameters, a great disadvantage arises from the fact that the working strain

is much greater on the engine at the commencement than at the end of winding.

Frequently, where the shaft is deep, the load at the “ lift” is doubled, because

the weight of the rope exceeds that of the coals, tubs, and cage, to be drawn up.

Different methods of counterbalancing, with a view of assisting the winding-

engine at the commencement of the wind, have been adopted at different times,

some of which are as follow :

—

Rope balance .—This consists of a tail-rope attached to the cages in the shaft.

It is fastened to the bottom part of the cage at the surface and is conveyed to a

point below the loading-stage in the pit, where it passes round a pulley and then

up to the other cage, under which it is secured. The object sought by this

method is to make the load uniform
;
when the cage is lifted from the shaft bottom,

the weight of the ropes in the shaft balance each other, and will continue to do

so throughout the wind. An objection to the tail-rope in the shaft is the extra

strain on the capping of the ropes.

Another method is by a pendulum counterbalance
,
which, however, is only

applicable to shallow shafts, where the necessity for counterbalancing is not urgent.

A weighted pendulum is raised by a chain attached to a drum on the shaft of the

winding-engine. At the commencement of winding this pendulum is in a hori-

zontal position, and therefore the full weight is acting to aid the engine against

the load. As the winding proceeds to half-winding an increasing portion of the

weight is supported by the rod, which at half-winding is in a perpendicular

position, and then as the load is brought to the surface the rod returns to a

horizontal position, the weight thus acting against the engine with increasing

force during the last half-winding.

A third method consists in a counterbalance chain
,
see Fig. 62, which is

frequently applied with very good results to assist the winding-engine. This

requires a separate pit or well about 50 yards deep for the chain to work in. A
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rope is fixed to the drum-shaft of the engine and to the balance-chain in the

small pit. The balance-chain would be 50 yards long, and is so arranged that

with one cage at the surface and the other at the shaft bottom the whole length

of chain is hanging in the small pit. The rope by which it is wound up allows

the whole of the balance-chain to rest upon the small pit bottom when the

ascending and descending cages meet in the shaft. The rope passes over the

drum-shaft in a contrary direction to the drawing-rope.

Other methods of counterbalancing are by using the cone and scroll drums in

preference to plain or cylindrical drums, and these have already been alluded to.

A plain conical drum, to be effective as a counterbalance, requires an angle so

great as to be dangerous on account of the liability of the rope to slip. Any
advantage to be derived from having a safe angle being trifling, it is really not

worth the risk.

Rule 29 of the Mines Act, 1887, renders the use of flanges or horns to the

drum compulsory, and if the drum is conical, there must be appliances sufficient

to prevent the rope from slipping.

Miscellaneous.—In laying out the surface arrangements, a considerable

amount of thought is necessary to ensure a thoroughly satisfactory and economical
working after completion. The par-

ticular circumstances and requirements

of each colliery must be thoroughly
mastered in order to design an effective

scheme. The engines and buildings

must be adapted to their work, and
after the coal is brought to the surface

every operation connected with its

weighing, screening, cleaning, and
after-disposal, should be calculated

to give as little manual labour as

possible in working, and at the same
time yield the various sizes of coal in

a good, clean, and marketable con-

dition.

A carelessly laid out bank top ren-

ders it necessary to keep employed a

large number of workmen to deal with

the daily out-put, and thus add to the

cost of production. In times of keen
competition even a penny extra cost on the tonnage price in raising the coal

may place a colliery at a disadvantage as compared with a neighbouring one,

and result in loss of contracts
;

with greatly increased cost prices, it may be
impossible to work the colliery at all.

Mr. C. M. Percy, in his excellent work on The Mechanical Engineering of
Collieries

,
gives the following rules for winding engines. (1) To find the load

which a given pair of engines will start. Multiply the area of one cylinder by
the pressure of steam and twice the length of stroke. Divide this by circum-
ference of drum and deduct J for friction, &c. The result is the load the

engines can start. For instance, 2 — 20-inch diameter cylinders by 40-inch
stroke, with a 12-foot diameter drum and the steam pressure at boilers 50 lbs.

3_14
x 5° x 80 _ 2 _ i or q 2 2 = 1,844 lbs. the load. N.B.—The load
454 m.

referred to in this and the next rule comprises rope and coal, because cages and
tubs balance each other. (2) Knowing the load and the diameter of drum and

Fig. 62.—Counterbalance Chain for Winding.

C.M.H. F
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the length of stroke and the pressure of steam, to find the area and diameter of

cylinders. Multiply the load by the circumference of the drum and add \ for

friction, &c. Divide this by the steam pressure multiplied by twice the length of

stroke, and the result is the area of the cylinder. Example, a drum 15 feet,

stroke 6 feet, the steam pressure 60 lbs., and the load 7 tons = 15,680 lbs.

15,680 x 47 = 736,960 + i or 368,480 = 1,105,440. = 1,535

square inches, area of piston, and to find the diameter we must divide the area

by 7854 and take the square root of the result, thus a / *>535 _ ..1
inches

V 7854
diameter of cylinder. (3) To find the period of a winding approximately.

Reckon the piston to travel at an average velocity of 400 feet per minute, and
divide this by twice the length of the stroke, and multiply by circumference of

drum. This gives speed of cage in feet per minute, and divide depth of pit by
this, and the result gives period of a winding. Example, drum 47 feet circum-

ference, stroke 6 feet, depth of pit 600 yards = x 47 = 1,565*1, speed
6x2

of cages in shaft per minute
600 x 3 _
1.565

= 1*15 minute or about minutes.

(4) To find the useful horse-power during a winding. Multiply the depth of

pit by weight of coal raised, and divide this by period in minutes occupied in

winding, and divide again by 33,000. Example, coal 2 tons = 4,480 lbs., depth

1,500 x 4,480
1,500 feet, period of winding fths of a minute 244 horse-

x 33,000
power. (5) To find the approximate horse-power exerted by a pair of winding
engines during a winding. Multiply area of- both cylinders by frds of the

boiler pressure of steam and by 400, and divide by 33,000. Example, cylinders

30 inches diameter = 706 square inches, boiler pressure 60 lbs., frds of which

is 40.
706 2 X 40 x 400 =685 horse-power. (6) To ascertain the piston-

33,000
speed of a winding engine. Divide the windings into periods of 3 revolutions

each. Let two persons take alternately the time in seconds which each 3
revolutions occupy. Take the average from these as follows :—Suppose there

are thirty revolutions divided into 10 periods, three revolutions each, the time

occupied in seconds comes out 9, 7, 5, 3, 2, 2, 2, 3, 6, 9 = 48 seconds for the

whole winding. Suppose the stroke 5 feet x 2 = 10 X 30 = 300 piston feet

in 48 seconds and 300 x 60 = 18,000 ~ 48 = 375 piston feet per minute.

If only the average piston speed throughout the wind is required, there is no
useful object attained by dividing the winding into periods of a certain number
of revolutions. The whole winding may in that case be timed, and the number
of seconds occupied in the wind be divided into twice the length of stroke

multiplied by the number of revolutions. Where a comparison of different rates

of the varying piston speed throughout a wind is desired, it would, of course, be

necessary to sub-divide the total revolutions.

It will be well to bear in mind the following rules for winding engines :

—

Horse-power ==

area of cylinder x effective pressure per square inch x piston speed feet per min.

33>°00

Area of cylinder =
Horse-power x 33,000

Effective pressure per square inch x piston speed in feet per minute.
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Horse-power is the term used to denote the work performed by mechanical
appliances, and one horse-power is equal to raising 33,000 lbs. 1 foot high in 1

minute.

Effective pressure per square inch

Horse-power x 33,000

Area of cylinder x piston speed in feet per

Piston speed in feet per minute =
Horse-power x 33,000

Area of cylinder x effective pressure per square inch.

A few questions on winding engines, &c., such as are given at the examinations,

are now submitted, and the method of working out answers to them shown.

Question 2.—What size and kind of engines would you fix to raise 1,000

tons of coal from a depth of 500 yards in 8 hours ? Describe the size of

ropes, description of cage, diameter of drum, pressure of steam, time of

drawing and changing, the number of tubs wound at each time and
weight of each ?

1,000 tons of coal per day of 8 hours = D009 _ I2 - tons per j10ur . 1?1 =
o 60

2*08 tons per minute, and assume that for this large quantity the seam is a

thick one, capable of taking large tubs, and that the cage will have an average
running speed of 1,000 feet per minute inclusive of the stoppages to change tubs

;

then we have 5
°° x 3 _ r r minute as the time in which we must make each
1,000

trip, that is, a cage comes to the surface every i-| minutes
;
then as 2*08 tons per

minute must be landed in order to get 1,000 tons in 8 hours, we have 2*08 x 1*5

= 3‘i2 tons to be drawn in each cage. Unless trams carrying over 30 cwt. be
used, it would be necessary to have double-decked, or if very small trams are

used, three-decked cages, but assume that double-decked cages are to be used,

with 2 tubs in each deck, or 4 tubs per cage, which gives an average of ^-^= 78
4

ton or 15*6 cwt. of coal per tub. Tubs weigh from J to 5 their carrying capacity,

and a tub to carry this weight need not weigh more than 7 cwts. As the depth is

great and the weight for the engine to lift from the pit bottom must necessarily be

considerable, steel should be used wherever possible in order to keep down
the dead weight. The tubs and cages may be of steel, and the rope of steel

wire.

Now to consider the strength of the rope required, the weight upon which at

the start would be somewhat as follows :

—

One steel cage and chains, say 2 tons, 5 cwt.

Coal in 4 tubs = 78 ton x 4 = 3 ,, 2^4 ,,

4 empty steel tubs=4X 7cwt.= i „ 8 „

6 „ 15*4 besides its own

weight. The weight of 250 fathoms (or really rather more as there is the height

of the pulleys above the top of the pit) at say roughly 14 lbs. per fathom would
be 1 ton 11 cwt., to add to 6 tons 15*4 cwt., making a total of 8 tons 6’4 cwt., so

that by estimating for a rope having a safe working load of 8*4 tons, we shall be

quite safe. By the formula already given to find the safe working load of a steel

F 2
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wire rope we have—Circumference = ^2*4 x 8*4 = 4! inches, which is the

circumference of the steel rope required. Applying the formula given to find

the size of drum, it gives 17 feet as the diameter for a plain cylindrical one.

The engine must necessarily be powerful enough to lift 8 tons 6*4 cwt., therefore

assume it has a 6-foot stroke, and a piston speed of 400 feet per minute. In that

case T"
°° = 33*3 strokes per minute, and 33*3 x 17 x 3*14159 = 1,780 feet0x2

per minute, the average speed of the cage whilst travelling from bottom to the top of

Therefore
5°o x 3 x 60

Pit.
1,780

= say 51 seconds, nearly as the time occupied in

the journey stated. It has already been ascertained that a cage must be drawn
every 1*5 minute, or 90 seconds, in order to raise the desired quantity. There
would therefore be 90 — 51 = 39 seconds as the time in which to do the

changing. To find the size of cylinder according to Mr. Percy’s rule already

given, assuming a boiler pressure of 60 lbs., we have as the circumference of a

17-foot diameter drum 53*4 feet, and the stroke being 6 feet, this gives 12 feet

travel of piston. The weight of cages and tubs balance each other and are not

to be considered, but the weight of coal is 3 tons 2*4 cwt., that of the rope

i ton 11 cwt., making a total of 4 tons 13*4 cwt., or say 4! tons.

The weight or resistance of 4f tons at the end of a lever 53*4 feet long will be

4*75 x 53*4 = 2 53*65 tons = 568,176 lbs., and the power to overcome this will

be 1 2 (twice the length of stroke in feet) X 60 (the boiler pressure of steam) =
720 x something which will equal 568,176. Therefore —

789, and
720

this means the area of the piston in square inches. Add one-half for overcoming
friction, 789 + 394*5 = 1,183*5 square inches area of piston, and therefore

*

^3 ~ 38*82 inches, or say 39 inches as the diameter. Inasmuch as at

the lift only 1 cylinder may be applied, this size of engine is necessary. For
reasons already given the engines should be placed horizontally, and have Cornish
in preference to slide valves, and as has been shown with 2 cylinders of 39 inches

diameter, 6 feet length of stroke, 33*3 revolutions per minute (average velocity),

effective steam pressure 40 lbs., and 17 feet diameter of drum. The cages to be
double-decked and made of steel, to hold 2 tubs on each deck. Time of

drawing 51 seconds, of changing 39 seconds, the weight of steel tubs 7 cwt. each
when empty, and the circumference of the steel wire rope to be 4! inches.

Question 3.—What description and size of winding engines would you erect

to raise 100 tons per hour from a coal-field 2,000 acres in extent, the seam
being 5 feet 6 inches thick, and the depth of shaft 300 yards ?

I should fix a double horizontal engine as in the last case, direct acting, and to

find the size should proceed much in the same way. 100 tons per hour = 22?

= i*6 ton per minute, or if tons, and on the same principle we should make a

trip 3QQ x 3 _ every TVhs 0f a minute. .'. if x = if tons to be drawn
1 ,000

in each cage. We should have to choose between sending this if tons in 4 tubs

of 7! cwt. each, or in 2 tubs holding 15 cwt. each, or in 1 tub holding the 30 cwt.

The seam is high enough for all sizes, but assume that 4 tubs are sent in a double-

decked cage. The tubs when empty would weigh about 4 cwt. each, for that is

about one-half of their carrying capacity, and the cage and chains about a ton, or



SIZE OF WINDING ENGINES. 69

24 cwt., assuming that iron tubs, an iron cage, and an iron wire rope be used.

The weight the engine would have to lift would be

—

Cage and chains, say 1 ton 4 cwt.

Coal in 4 tubs 1 „ 10 „

4 empty tubs = 4x4 cwt. „ 16 „

3 „ 10 „ besides the weight

of rope. The weight of 150 fathoms of iron wire rope at say roughly 14 lbs. per
fathom, would be nearly 1 ton, and 1 ton + 3 tons 10 cwt. = 4! tons as a safe

working load for the rope. Circumference = V4 x 4J = \\ inches as the

circumference of iron wire rope necessary.

Assume a 16-foot diameter drum (Mr. Andre’s rule would give 16 feet 6 inches),

and also that the engine has a 5 -foot stroke, with a boiler pressure of steam of

60 lbs., the piston speed being 400 feet per minute,
~*CQ— = 40 strokes per3x2

minute. 40 x 16 x 3*14159 = 2,010 feet per minute as the average speed

of the cage whilst travelling from bottom to top of pit. 3°° x 3_X__6Q __

2,010
nearly 27 seconds. As a trip must be made every -^ths of a minute =54
seconds, this leaves 54 — 27 = 27 seconds in which to do the changing.

To find the size of cylinder we have the weight of coal and rope at 2\ tons.

50 26 x 23^x^2,240 _ 234*54 for friction = 703*63 and _Z2|_l3 ==

29*93, or say 30 inches as the diameter of the cylinders.

Question 4.—What is meant by such expressions in machinery as horse-

power, units of work, and back-pressure of the steam ?

The English unit of work is the power necessary to raise one pound through

a space of one foot
;

in other words, it is 1 lb. raised 1 foot high in 1 minute.

It is assumed that a horse will raise 33,000 lbs. 1 foot high in 1 minute,

therefore we call one horse-power, 33,000 lbs. raised 1 foot high in 1 minute.

Back pressure of the steam is the resistance the piston of an engine meets with

from the spent steam as it is forced into the exhaust port, and its tendency is to

lessen the effect of the engine.

Question 5.—What is meant by the duty of an engine?

The amount of work yielded by that engine, or the number of lbs. raised 1 foot

high by the combustion of a given quantity of coals.

Question 6.—Why is a machine put in motion by steam ?

Because the pressure of the steam on being applied to the piston of the engine

is greater than the combined resistance offered by the weight attached and the

friction of the engine itself.

Question 7.—What is steam and how is it obtained ? What do we mean by
such expressions as high pressure and low pressure steam ?

Steam is an invisible elastic fluid, generated from water by the application of

heat. It is measured by pressure gauges, and we speak of it as being so many
pounds pressure to the square inch. We also speak of steam having a pressure
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of 1 5 lbs. to the square inch as one atmospheric pressure
;
30 lbs. as two atmos-

pheres, 45 lbs. as three atmospheres, and so on. Steam of two atmospheres and
above is called high pressure steam, and below two atmospheres, low pressure

steam.

Question 8.—Describe an experiment for ascertaining approximately the

relation between the pressure and temperature of steam at a moderate
pressure above that of the atmosphere.

This experiment can be made by means of a Marcet’s boiler, see Fig. 63.

The apparatus consists of a vessel in which is first placed a little mercury, G, and
above the mercury a small quantity of water, F

;
above the surface of the water a

space is left for the steam. A piece of glass tube,

A, about a yard long, and open at both ends, is passed

steam tight through the top of the boiler, and reaches

nearly, but not quite, to the bottom, so as to be well

into the mercury. It is placed in an upright position.

Similarly, a thermometer, C, is passed through the

top of the boiler, but its bulb does not quite reach

the surface of the water. The glass tube is furnished

with a graduated scale, B, placed outside the boiler,

by means of which the height of mercury in the tube

above that in the boiler can be read off approximately.

A cock, D, is also placed outside the boiler, above
the surface of the water, so that when it is opened the

enclosed air maybe driven out through it by the steam.

The boiler being placed conveniently for the pur-

pose, a Bunsen flame, K, is applied under it, causing

the water to boil and generate steam.

On this steam attaining a greater pressure than

the pressure of the external air, the mercury will begin

to rise in the tube. By opening the cock for a short

time the steam will drive out the enclosed air from
the boiler, and the cock may be shut again. As the

pressure of the steam above the atmosphere increases,

it will be noticed that the mercury rises in the tube,

and at the same time that the temperature of the

steam also rises above 212 0
F., as seen on the ther-

mometer.
The cock must now be carefully adjusted so as to

allow the exact quantity of steam being generated in a certain time to pass
through it to the outer air, in the same time.

The temperature and the pressure corresponding to that temperature will then
be constant, and may be read off and recorded from their respective scales.

By closing the cock again, the temperature may be allowed to rise, say, io°,

upon reaching which the cock is again adjusted as before, and the temperature
and pressure again noted. This operation may be repeated for any reasonable
number of times, and it will be seen that for a given temperature there is a
corresponding pressure, or vice versci.

When the temperature is 233
0
F. the corresponding pressure will be 7*4 lbs.,

half an atmosphere, or 22 lbs. absolute, for the mercury will have risen to 15
inches.

At a temperature of 250° F. the mercury will have risen to about 30 inches,
corresponding to a pressure of 147 lbs. on the square inch, or 1 atmosphere, or
29*4 lbs. absolute.
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Further experiment would be impracticable, as the height of the glass tube, and
the amount of mercury in the boiler limit the proceeding. Mercurial gauges on
this principle were at one time used to register the pressure of the steam in

boilers, before Bourdon’s gauge was introduced.

Question 9.—What are saturated
,
superheated

,
and wet steam respectively ?

Define a thermal unit, and explain what is meant by the latent heat of

steam.

Saturated steam is steam in contact with the water from which it is generated.

It is at its greatest density corresponding to the temperature and pressure at which
it is formed. Its physical condition is such, that at the slightest increase of

pressure or decrease of temperature it is ready to yield some portion of liquid.

For a given pressure there is one temperature and one density. The steam
usually supplied to engines from ordinary boilers is what is called saturated
steam.

Superheated steam is saturated steam which has received an additional quantity

of heat after it is free from contact with the water. It has a higher temperature

than that corresponding to its pressure, consequently, when used in the cylinders

of an engine, no liquefaction takes place, for although superheated steam may
lose heat in the cylinder, its temperature never falls so low as the temperature of

saturation. Superheated steam is not now used in the cylinder, however, owing
to many practical objections.

Wet steam is steam containing water. Steam in this condition is sent to the

cylinders of an engine through “ priming ” at the boilers. Some boilers are liable

to “ prime,” the chief causes giving rise to it being, small steam space in

the boilers, and also a bad circulation of water. The loss of efficiency in using it

arises from the fact that the water carried into the cylinder produces no pressure

on the piston, and does no work. Whilst in the cylinder it condenses the freshly

entering steam, so that there is a loss from waste of heat.

The British thermal unit is the heat necessary to raise 1 lb. of water by i° F.,

when at its maximum density, i.e., from 39’ i° to 40*1° F.

Latent heat is the quantity of heat communicated to a substance in a given state

in order to convert it to another state without changing its temperature. The
latent heat of steam is the heat necessary to convert water at the boiling point

(which varies with the pressure) into steam without changing its temperature.

Latent heat is not sensible to the thermometer, and is measured in a special

manner. The latent heat of steam at atmospheric pressure is found to be 966*6.

That is, it requires 966*6 thermal units of heat to convert 1 lb. of water at 21 2° F.

into steam at the same temperature, or 1 lb. of steam at 2120 F. gives out 966*6

thermal units of heat in being condensed into water at the same temperature.

Question 10.—If one pound of coal develops 12,000 units of heat by its

complete combustion, how much water at 6o° F. should be converted into

steam at 212 0 by the consumption of one cwt. of such fuel, assuming that

there is no loss of heat during the operation ?

The total heat of evaporation is the sum of the sensible and latent heats

of evaporation. The heat necessary to raise the temperature of 1 lb. of water

from the freezing point, 32
0

F., to the temperature of evaporation is called the

sensible heat, and the additional heat necessary to evaporate it is termed the

latent heat.

The total heat of evaporation for water is the number of thermal units required

to raise 1 lb. of water from the freezing point, 32
0

F., to the stated temperature at

which it is being evaporated, and to evaporate it at that temperature.
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Hence the total heat in i lb. of steam = 966-6 + (212
0 — 32

0
)
=

1,146-6°.

As the water is at 6o° F., the units of heat required to convert it into steam will

be 1,146-6° — (60° — 32°) = i,ii8-6° F. Or 966-6° + (212° — 60°).

If one pound of coal gives 12,000 units of heat, one cwt. will give 12,000 x 112
= 1,344,000 units.

Therefore the water converted into steam will be = 1,201*5 lbs.

Question 11.—Describe condensing and non-condensing, high-pressure and
low-pressure, horizontal and vertical, expansive and non-expansive, direct-

acting and geared, single and double engines ?

A high-pressure engine is one working with steam of 30 lbs. absolute pressure
to the square inch or above, but as its exhaust is open to the atmosphere, it is

opposed by the atmospheric pressure of 1 5 lbs. to the square inch, and its

effective pressure is thereby reduced 1 5 lbs. to the square inch.

A low-pressure engine works with steam below 30 lbs. pressure absolute (or

1 5 lbs. above atmospheric pressure) to the square inch, and may or may not have
a condenser for receiving the exhaust steam. A condensing engine has a
condenser and air-pump connected with it, and the steam having performed its

work in the cylinder, is admitted to the condenser, where it is condensed by
coming into contact with a scattered jet of cold water which meets it there, and
the condensed steam and water then fall to the bottom of the condenser. All

water contains air more or less, and the heat of the steam disengages the air from
the condensing water, which would rise through the exhaust pipe and so prevent

the proper escape of steam as well as counteract its pressure, if provision were
not made for its disposal otherwise. This disposal is by means of the air-pump,
which pumps out the condensed water and air, thus preventing the air from accu-
mulating in the condenser, where it would obstruct the engine. But the air-pump
does not effectually remove the condensed water and air; if it did, and all the

exhaust steam from the cylinder were condensed, a perfect vacuum would be
formed

;
as a matter of fact this is never attained in practice, but there always

remains in the cylinder a portion of uncondensed steam
;
the resistance from this

is frequently equal to 4 lbs., and is termed the back pressure. With 4 lbs. of

back pressure we should have n lbs. of vacuum, because 15 lbs. (the atmospheric
pressure) — 4 lbs. = 1 1 lbs. So that with a given pressure of steam in the boiler

we should have 1 1 lbs. more effective pressure per square inch on the piston of a
condensing engine as compared with that on the piston of a high-pressure

engine.

A non-condensing engine has no condenser, but exhausts its steam direct from
the cylinder by means of pipes into the atmosphere. Horizontal and vertical

engines, as the names imply, indicate whether the cylinders are placed vertically

or horizontally. An expansive engine is one having an arrangement whereby
the steam is cut off when a certain point of the stroke is reached, the stroke being
completed by the elasticity of the steam already in the cylinder. In a non-
expansive engine the initial pressure of the steam is maintained throughout the

stroke, except in so far as it is not reduced by the throttle or steam valve, which
reduction is termed “wire drawing." A direct-acting or first motion engine
conveys motion to the main shaft direct by means of the crank, but in a geared
engine spur and pinion wheels are used, which have the effect of reducing the

speed of the drum, but increase the load the engine will lift. Sometimes a single

cylinder is used, sometimes two working on the same shaft, and they are said to

be single and double respectively.
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Question 12.—Does the pressure on the piston increase or decrease during

expansion ? Explain the effect of using steam expansively ? How is the

mean pressure of the steam throughout the stroke ascertained ?

The pressure of steam decreases on the piston during expansion. Mariotte’s

law with regard to the expansion of steam is as follows :—If a given weight of

steam be made to vary its volume without changing its temperature, the elastic

force of the steam will vary in the inverse ratio of the volume it is made to occupy.

Although there is a great economy in steam, and consequently in fuel, when
using steam expansively, there is not actually more work done in a steam-engine
working expansively, than where the same pressure is allowed to remain
throughout the stroke. The advantage gained by expansion is the fact of getting

more work out of a given quantity of steam. This may be explained by working
out examples. The following is from The Steam Engine

,
by T. Baker. The rule

to find the work done by expansion without the use of logarithms is this. Divide

that part of the stroke through which expansion takes place into any even number
of equal parts, and calculate the pressure per square inch upon the piston at each
division of the stroke by Mariotte’s law

;
take the sum of the extreme pressure in

pounds per square inch, four times the sum of the even pressures, and twice the sum
of the odd pressures

;
multiply the sum of all these by one-third of the common

distance between the positions of the piston and the result will be the work done
upon each square inch of the piston after expansion begins. The work done before

expansion begins, being evidently equal to the pressure per square inch multiplied

by the number of feet moved before expansion
;
and the whole work done during

a single stroke is equal to the sum of the work done before and after expansion.

Example .—The pressure of steam upon the piston is 60 lbs. per square inch,

the resistance arising from imperfect condensation is 4 lbs. per square inch, the

length of the stroke is 1 2 feet, and the steam is cut off at £th of the stroke
;

it is

required to determine the number of units of work done upon each square inch
of the piston, the number of units of work gained by working expansively, and
the load per square inch.

By dividing the remaining portion of the stroke after the steam is cut off, viz.,

12 — 2 = 10 feet into 10 equal parts, each will be a foot. Let the pressures at

these different divisions be represented by p, p iy /> 2 , p 3 , &c., and then by
Mariotte’s law already given.

As 3 : 2 :: 60 :p 1 = 40
4:2 :: 60 :p 2 = 30
5:2::6o :p 3

= 24
6:2 :: 6o:y> 4

= 20
7:2 :: 6o:/> 5

= 17*142

8:2 :: 60 :p 6
= 15

9:2 :: 60 :p 7
= I 3*333

10: 2 :: 60 :p 8
= 12

1 1 1 2 : : 60
: p 9

= 10-909

1 2 : 2 : : 60 : /> x 0
= 10

Then 60 + 10 = 70, the sum of extreme pressures.

40
2 4
17-142

I 3*333
10-909

105*384 = the sum of the even pressures.

4

421-536 = 4 times the sum of the even pressures.
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30
20

15

12

77 = the sum of the odd pressures.

2

154 = twice the sum of the odd pressures.

421*536 = 4 times the sum of the even pressures.

70 = sum of the extreme pressures.

3 )645
'

536

215*178
120 = 60 x 2 = work done before expansion.

335*178 = whole work done upon each square inch.

Since the resistance from the uncondensed vapour is 4 lbs. per square inch,

then 12 x 4 = 48 lbs. = whole resistance, and by subtracting this from 335*178,
the whole work done per square inch there will remain 335*178 — 48 = 287*178

for the effective work.

Now to find the advantage from working the steam expansively :

—

When the steam works without expansion then 12 x 60 = 720 = work done
upon each square inch, but as the steam is cut off at |th of the stroke in working

it expansively, there is only th of the quantity of steam used in this case, or

= 120 lbs. per square inch, and 335*178 — 120 = 215*178 lbs. gained in this

case, or 33

7

_ near}y 2 *8 times as much work done by the same quantity
120

of steam when worked expansively.

To ascertain the mean pressure throughout the stroke it is usual to divide

its length into 10 even spaces and ascertain what the pressure would be at each

division. An average of these gives the mean pressure on the piston throughout

the stroke.

The even divisions will be — = 1*2 foot apart. We may find the pressure

at any point of expansion by Mariotte’s law. Thus, the pressure of steam at o is

60 lbs.
;

at 1*2 foot it is 60 lbs.
;

at 2*4 feet it is — *

*

-
2 = 50 lbs.

;
at 3*6 feet

2 4

it is
- °- = 33J lbs.

;
at 4*8 feet it is

* 2 = 25 lbs.
;

at 6 feet it is
3*6

003 * 4*8

60 X 2 ,, , c ,
. . 60 X 2 ,, . o r .

• 60 X 2—-?— = 20 lbs.
;

at 7*2 feet it is = i6f lbs.
;

at 8*4 feet it is

= i4y lbs.
;

at 9*6 feet it is
60 x 2

7*2

= 12% lbs.
;

at io*8 feet it is
60 x 2

io*8

8*4

lbs.
;
and at 12 feet it is —0 x 2 = 10 lbs.

12

Then 60 + 6° -f 50 + 33 ^ + 25 + 20 + i6f + i 4f + I2 I + nj + 10

1

1

= 28*4 lbs. as the average pressure of the steam approximately, from which must
be deducted the average back pressure to get the mean effective pressure.

Engineers usually ascertain the mean pressure by means of indicator diagrams, on
which, after being taken, ten ordinates are drawn and measured by means of a
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suitable scale, as described in Chapter XIV. of this work. The ordinates repre-

sent the pressure at the points of division throughout the stroke similar to those

which we have here considered.

Question 13.—If 1 cubic inch of water at 39
0
F. gives 1,700 cubic inches of

steam, what will be the expansion at 225
0
F. ?

If we take a vessel of water and apply sufficient heat to it, the temperature will

gradually rise till it reaches 212 0
F., the volume being increased from 1 at 39

0
F.

to 1*04315 at the boiling point. At this point if the vessel be an open one

the temperature of the water becomes stationary, and bubbles of invisible vapour

or steam are formed at the surface exposed to the source of heat. These rise

through the liquid causing ebullition and escape into the air where they soon

become partially condensed and are then rendered visible. If the water be
contained in a close vessel, the pressure of the steam generated gradually

increases, until at last if no escape be provided, it will burst the vessel. If

steam be allowed to enter an empty vessel we find that it occupies a very large

space as compared with the water from which it is produced
;
the increase

in volume being about 1,700 times. Roughly, as being a rule easily remembered
we say, a cubic inch of water when converted into steam at the ordinary

pressure of the atmosphere (14*7 lbs. per square inch) occupies the space of a

cubic foot. Strictly, the specific volume of steam at 212
0

F. from water at

212 0
F., and at ordinary atmospheric pressure, is 1,642. If the pressure be

increased the volume will be diminished in a corresponding degree, the steam

produced from a cubic inch of water will only occupy about half a cubic foot

when at a pressure of two atmospheres or 29*4 lbs.

The relation between the pressure and temperature of steam is of great

importance, and numerous experiments have been made to determine the

temperature when the pressure is known. An important property of elastic fluids

was discovered by Charles, and further experimented on by Gay-Lussac, i.e., that

if the temperature of a given weight of any elastic fluid under constant pressure

be made to vary, it will acquire augmentations of volume exactly proportional

to the augmentations of temperature, and for every increase of i° F. of tempera-

ture, there will be produced an increase of *00203 of the volume of the fluid from
the temperature of 32

0
F.

The value of this constant is sometimes taken at *002036.

If v be the volume of any given weight of elastic fluid under any pressure and
at 3 2

0
F., the volume v x

which it will occupy under the same pressure and at

any other temperature t of F. will be v x = v + v x *00203 (/ — 32). This
will hold good if we put the ratio of the relative volumes u and u

x
instead of

the ratio of the absolute volumes v and v x ,
thus — = 1 ~ 3 2 ) -

u
x 1 + *00203 (*x— 3 2 )

As stated in the question the value of u
x

is 1700, of t
x 212

0 and of t 225
0 and

we desire to find the value of u. Substituting these known values in the above

equation we have —— = -

1
- .^-_PQ2Q 3 ( 22 5 ~ 3 2 ) ^ = 1*019326 and u

1,700 1 + *00203 (212 — 32) 1,700
= 1,700 x 1*019326 = 1,733 which is the relative volume required. That is a

volume of steam at 212
0
F. represented by 1,700 would have a volume of 1,733 at

2 2

5

0
F., at the same pressure, or we may say that any volume of steam at

2120 will have a volume at 225
0

,
under the same pressure 1*019326 times greater.

But if this steam is generated in a boiler with the steam in contact with the

water, the pressure as a matter of fact would not remain the same, and the volume
it would occupy in the boiler instead of being greater at 225

0 would be less than
at 2 1

2

0
,
but the pressure would increase.

Saturated steam is not a perfect gas, and there are several formulae for ascer-
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taining the relationship subsisting between its temperature and absolute pressure.

The more simple of these are only applicable, and that approximately, to certain

ranges of change.

Tredgold’s formula for pressures from i to 4 atmospheres is p =
Applying this first to the pressure at 212 0 we shall find that it complies with the

147 lbs. already stated, thus p = = *473 \
and for the pressure

at 2 2

5

0 we have p = ^.

IQ3 = 187816 lbs., showing as stated an

increased pressure.

From the formula to find the relative volumes when both temperature and pressure

change at the same time u = 1,700 x x
1 -+-. 0020}^ 3-} and sub-

p I + *00203(/ 1 - 32)

stituting the known values in the formula u = 1,700 x
1

X
107016

1 0020M 2 2 5 ~ 3 2 ) but as already worked out the last item in the above was
1 -f *00203(212—32)
found to equal 1*019326, it will render the work easier to substitute it, thus

u = 1,700 x x 1*019326 and therefore u = 1,359 which is the volume

1,700 cubic inches at a pressure of 147 lbs. and at 212 0
F. will occupy at a

pressure of 18*7816 lbs. and at 225
0
F.

Question 14.—What weight would a pair of 22-inch cylinder horizontal

engines with a 4|-foot stroke and an 8-foot cylindrical drum on the first

motion raise from a pit 260 yards deep with a round wire-rope, the boiler

pressure being 40 lbs. per square inch ? The engine works expansively,

the steam being cut off at f stroke.

With a boiler pressure of 40 lbs. the initial pressure of the steam in the cylinder

would be, say frds of this 27 lbs.

To find the pressure at the end of the stroke or at any point during expansion

proceed by the following formula :

—

P = Initial pressure of steam in pounds per square inch including the pressure

of the atmosphere.

/ = Distance travelled by the piston before steam is cut off.

L = Distance travelled by the piston when the pressure of the steam = X.
X = Pressure'of steam in the cylinder including the pressure of the atmosphere,

when the piston has travelled a distance L.

v PIx==
~zr

... x = (2 7 + 15 ) X 3 _
4

= 16J.

The average pressure throughout the stroke then is

4
= 25 nearly. For an average pressure of 25 lbs. on the piston throughout the

stroke take a boiler pressure of 25 x f-
= nearly 38 lbs.

To find the load these engines will lift from the stated depth, and the other

particulars as given. The circumference of the drum is 8 x 3*1416 = 25*1328
feet, and the area of a 22-inch cylinder is 22 s x *7854 = 380*133. Therefore
380*13 3 x 38 lbs. x 108 _

25*1328 x 12
“ 5 *

l 7 2

= 31I from which deduct 15, the atmospheric pressure

from which must be deducted ^rd for
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friction 5,172 — 1,724 = 3,448 lbs. and this load which the engines will lift com-
prises the rope and coal. The cages and tubs balance each other and need not

be considered. The round wire rope used must have a safe working load then

of 3,448 lbs. plus the weight of cage and tubs, say for an iron wire rope a safe

working load of 57 cwt. and a 3§-inch circumference rope will be required weigh-

ing 9^ lbs. per fathom for the winding. In a pit 260 yards or 130 fathoms deep
the total weight of such rope would be 130 x 9J = 1,235 lbs., and therefore the

actual weight of coal these engines will lift is 3,448 — 1,235 = 2,213 lbs. or 19
cwts. 3 qrs. 1 lb., or rather under a ton.

Question 15.—What is meant by initial, mean, and terminal pressure of the

steam ?

Initial is the full pressure of steam per square inch acting on the piston over a

portion of its stroke previous to the closing of the steam valve. Mean pressure of

steam expresses the average pressure of steam throughout the stroke, an example
of how to get which is given in the answer to Question 12. The terminal pressure is

that acting on the piston at the close of its stroke. Thus if steam enters the cylinder

of a non-condensing engine with a 4-foot stroke at a pressure of 60 lbs. to the square

inch and the steam is cut off at a quarter stoke, the absolute pressure or the pressure

including that of the atmosphere is 60 lbs. +15 lbs. = 75 lbs. By the formula

in Answer 14, the terminal pressure is '-± = 1875 absolute .*. 1875 — 15
4

= 375 lbs. as the terminal pressure shown by the pressure-gauge. As the

engine is non-condensing it is necessary to deduct 1 5 the atmospheric pressure

from the 1875.

Question 16.—What provision should be made for letting the condensed
water out of horizontal winding engine cylinders ? and is the condensed
water liable to accumulate elsewhere ?

A small pipe with drain-cock should lead from either end of the cylinder and
from the under side of it. There will always be a little condensation after the

engine has stood some time on admitting the steam to the cylinders. Sometimes
these are covered with wood and sometimes with cement, or they may be steam-

jacketed as a means of retaining their heat. The steam pipes leading to the

cylinders of the engine, if long, present a large cooling surface causing condensa-
tion and therefore should also have a separator and steam trap in the bend at the

lowest point to allow for the escape of the condensed vapour.

Question 17.—Where would you place the brake for a winding engine and
which kind do you prefer ?

I prefer a well designed foot brake for small or ordinary sized engines, because
a steam brake requires a good deal of fitting up, and when used comes into

action very abruptly and suddenly causing some shock to the machinery, and a

good foot-brake meets all the requirements, comes gently into operation, and can
be gradually or firmly applied at pleasure. In powerful engines with heavy drums
of large size subjected to rapid winding, the momentum acquired by the drums
renders a greater brake power necessary, and where these are used, a steam brake
should be adopted, in order that the engineman may have greater control over
the engines. When the brake is applied to the drum, a ring is formed there

which may have either one or two iron straps lined with wood or hemp rope
forming the brake, and care should be taken that when the brake is “ off” these

straps clear the drum ring. The reason for placing the brake on the drum in

preference to the fly wheel is the fact that in case of accident to any part of the
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machinery the engineman could at once apply the brake on the drum, thus pre-

venting the load from falling. A brake on the fly wheel would not have so much
holding power as one on the drum ring, and in case of a broken main shaft

between the drum and the fly wheel, or injury to the fly wheel, a brake on it

would have no power to prevent the load from falling down the shaft.

Question 18.—What is the use of a fly wheel on a steam engine ? How are

its size and weight determined ?

The object of the fly wheel is to render the motion of the engine uniform. If

we take the case of a single cylindered horizontal engine, at the finish of the back-

ward and forward movement of the piston in the cylinder, the piston-rod, connect-

ing-rod and crank form one straight line, and the engine is said to be “ on centre,”

and it is clear that any pressure on the piston when in these positions will be

merely transferred to the axis of the shaft to which the crank is connected and to

the bearings carrying that shaft, and therefore the pressure has no power or

tendency to turn the shaft round. At these points then the crank loses all power
and ceases to act. When two engines are connected to the same shaft, they are

so arranged that their cranks form a right angle with each other. This prevents

the engines ever being “ on centre,” because, when one engine is in that position,

the force of the other is at its greatest, but even with a pair of engines the motion
would be very irregular and uneven but for the fly wheel. When the crank is in

its most advantageous position, the tendency is to increase the speed of the

engine
;
owing, however, to the weight of the fly wheel providing a mass of

matter capable of being acted upon, the fly wheel takes up a portion of the power,

to be given out when the crank comes into its least effective position. Thus, the

fly wheel stores up sufficient power to carry the engine over the dead points and
assist in maintaining a uniform motion. The weight of the fly wheel should be
so adjusted as to bear a due proportion to the power of the engine. If too

heavy, it is a needless addition to the load of the engine, and if too light, the

object of its use will not be gained. The practical rule is that the power stored

up in it should be about equal to that produced by 6 half strokes. Thus, if the

steam exert a pressure of a ton on the piston and the length of the stroke be 4
feet, the power thus generated is 6 x 4 x 1 = 24 tons. The weight and
velocity of the wheel should therefore be so arranged that its momentum is about
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equal to this. If the weight of the rim then be i ton its velocity should be that

which would be acquired by a body falling 24 feet
;

if it weigh i\ tons it should

be that acquired in falling 16 feet, and so on in proportion.

Question 19.—Explain the working of the winding engine; show by a sketch

its chief parts and give their names.

Fig. 64 is the sketch.

S is the steam pipe leading from the boilers.

C D is the steam or valve chest.

V is the slide valve.

G G is the valve or slide rod.

A & B are the steam ports.

E is the exhaust port.

P is the piston.

H I is the piston rod.

I K is the connecting rod.

KL is the crank.

M is the cylinder.

N N are the stuffing boxes.

0 0 are the glands.

The steam enters the valve chest D C through the steam pi

passes into one of the steam ports A or B, but if one is open the other is closed

and the steam may be made to enter either first at the will of the engineman
who, by means of reversing gear, can move the slide valve V and so close either

one of the steam ports and at the same time open the other.

Assuming it to have entered on the side of the piston P, shown by an arrow on
the sketch, i.e., through the steam port A, the piston will make a forward

movement to its full extent, but whilst doing this a movement is conveyed in the

opposite direction by means of the slide rod G G to the valve V, and this move-
ment causes the valve to close over the steam port A, and at the same time it has

cleared the steam port B, and placed the valve so that the steam may enter at B
to drive the piston back, and also convey the exhaust steam which has just

finished doing its duty through the exhaust port E leading to the condenser or

the atmosphere. This backward and forward or reciprocating movement of the

piston is conveyed, by means of the piston rod and connecting rod, to the crank

K L which turns the main shaft on which is placed the drum, and the drum thus

revolves.

Question 20 .—What causes the motion spoken of in the slide rod, and what
is the object of placing stuffing boxes and glands for it and for the piston

rod to work in ?

Motion is conveyed to the slide rod by means of two eccentrics placed on the

main shaft, working in eccentric straps, and rods connect these by means of links

to the slide rod, the two eccentrics being necessary for the reversing of the

engine.

The object of stuffing boxes and glands is to allow the rods to move up and
down without excessive friction, and yet at the same time prevent any leakage of

the steam.

A well-lubricated packing is placed in the stuffing box, and a gland of brass

is screwed down to keep this in place. Brass bearings cause less friction for iron

to work in than iron.



So FITTNIG UP THE SHAFT AND SURFACE ARRANGEMENTS.

Question 2 1 .—Of what are the cylinders and pistons made, and in the con-

tinual motion of the piston in the cylinder, what provision is made for

wear to the part exposed to the constant friction ?

The cylinder is made of cast iron and is of considerable thickness. Its interior

surface is bored with great care, so that it is of uniform diameter throughout and
perfectly cylindrical. When the uniformity of diameter is destroyed through

wear, the cylinder is re-bored. Covers are bolted on each end and the joints

packed, so as to be perfectly steam-tight. Pistons are also made of cast iron,

but sometimes they are made of brass. It is of the utmost importance that the

piston be in perfect contact at all parts with the cylinder, so that no steam may
pass by, and yet in that contact the friction must not be needlessly increased by
too strong a pressure against the sides. For this purpose different kinds of

packing are used. Formerly it was the custom to turn a deep groove round
the edge of the piston disc, and into this groove was inserted well-lubricated

hemp packing. The piston was made in pieces, and the top disc was attached

to the rest by screws. These screws on being tightened forced the packing

Fig. 65 .—Lancaster P.ston Block.

against the sides of the cylinder, thus preventing the steam from passing and pre-

venting undue wear of the piston or cylinder. From time to time, as required,

the cylinder cover would be removed, the piston withdrawn from the cylinder,

and the packing renewed. The trouble and inconvenience resulting from this

method are now, however, avoided by using metallic pistons of different con-

struction. By using these no packing is required. For the metallic pistons the

grooves formed are rectangular in form, and instead of the hemp, two or more
packing rings are used which, at first, were made of brass or steel. These
packing rings were flat, and had the same external diameter as the piston

;
they

were made in several segments, the ends being tongued and grooved to keep

them in position
;
and the joints were so arranged in each ring as to be inter-

mediate to those of the other. These segments were constantly acted on by
strong steel springs placed in the piston, the effect of which was to press them
against the interior of the cylinder, and as they became gradually worn they were

pressed out to exactly fit it. There were four or five springs, all tightened by

screws placed for the purpose, and they were so adjusted as to keep the packing

rings in contact with the interior of the cylinder without causing undue friction.

The packing rings are now nearly always made of cast-iron. After turning they

are left rather larger than the bore of cylinder. They are then cut across, so as

to allow of compression sufficient for entering the cylinder with the piston.

Where the rings are cut across they are connected by a thin plate, and the joints

in the two rings are placed as far apart as possible and opposite each other, so

as to ensure steam-tightness. Proper oil receptacles are placed on the cylinders,

and these are kept continually replenished with good lubricating oil which passes
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into the interior, and very little wear then results to the metallic piston
;
but when

necessary they can be easily repaired.

It is usual to screw the piston rod into the piston. Formerly, where no tail rod

was used, the piston rod was passed through the piston and secured on the other

side by a nut. After working some time the nut would wear loose and so give

trouble. The object of having a tail rod on a horizontal winding-engine is to

steady and guide the piston in its motion.

There are very many patent forms of pistons, in each of which is some novelty

for which the inventor claims superiority in design and construction.

Messrs. Lancaster & Tonge, Engineers, Pendleton, near Manchester, make a

patent piston block, which is shown at Fig. 65. It is designed to keep the body
of the block from the cylinder and the rings from being driven inwards, thus

obviating the uneven wearing of the cylinder by the block bearing on it. The

Fig. 66.

Fig. 67.

Lancaster Piston Rings and Spiral Spring.

grooves A A are turned so that the rings rest on them, but being free to expand,
keep the piston perfectly steam-tight.

Figs. 66 and 67 show the piston rings and one arrangement of springs, while

Figs. 68 and 69 also show the piston rings and another arrangement of springs

for the Lancaster piston.

These two arrangements of springs are also shown on Fig. 65 on opposite sides

of the piston. A straight spiral spring, Fig. 67, is bent into a circle, Fig. 66,

and then has two actions, first, the continuous effort of the straight spiral spring

when forced into the circular rings, to recover that form
;
and second,

the straight

spiral spring being diametrically compressed when forced into the rings, makes a

continuous effort to recover its original diameter. The lateral pressure is thus

obtained by forcing the rings against the sides of the cylinder, and the vertical

pressure by the rings being grooved to the circle of the spring, thus forcing the

rings against the block and junk ring. It is self-adjusting, perfectly steam-tight,

with a minimum of friction.

Figs. 68 and 69 show the “ Lancaster ” serpent coil, which is a round section

of tempered steel, and has therefore many advantages over those made from a

flat section. The round coil against a flat surface cannot bind, but causes a

revolving tendency in the packing rings. There is no difficulty in putting in

;

the rings being slightly rounded, the round coil slips in with the greatest ease.

C.M.H. o
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Question 22.—Describe Joy’s valve gear.

Joy’s gear is an arrangement for working the slide valves of steam engines and
it is claimed for it that it is a more perfect appliance than the usual link motion
worked by eccentrics on the main shaft, and can be adopted wherever the link

gear is applied. In Joy’s gear the necessary motion for the slide valve is obtained

from the connecting rod.

The following sketch, Fig. 70, and description are taken from Percy’s Mechanical
Engineering of Collieries.

In the connecting rod from a point A, preferably about the middle, motion is

imparted to a vibrating link B, constrained at its lower end to move vertically by the

radius rod C. From a point D, on this vibrating link, horizontal motion is com-
municated to the lower end of the lever E from the upper end of which lever the

motion is transmitted to the valve spindle by the link G. The centre or fulcrum,

F, of the lever, E, partakes also of the vertical movement of the connecting rod,

Fig. 68.

Fig. 69.

Lancaster Piston Rings and Serpent Coil Spring.

to an equal extent to the amount of its vibration at the point, A
;
the centre, F, is

for this purpose carried vertically in a slot, J, which is carried to a radius equal to

the length of the link, G, connecting the lever, E, to the valve spindle. The slot

itself is formed in a disc or sheave, K, which is concentric with the centre, F, of

the lever, E, at the moment when that lever is in the position given by the piston

being at either end of the cylinder. This disc is capable of being partially

rotated on its centre, so as to incline the slot over to either side of the vertical,

by means of the worm and hand wheel, M, thereby causing the curved path

traversed by the centre, F, of the lever, E, to cross the vertical centre line, and
diverge from it on either side at will. The forward or backward motion of the

engine is governed by giving the slot this inclined position on one or other side

of the vertical centre line
;
and the amount of expansion depends on the amount

of the inclination, the exactly central or vertical position being “ mid gear.” In

that position steam is admitted at each end of the stroke to the amount only of

the lead
;
and this is done exactly equally on each side of the centre line, the

amount of lead being constant for forward and backward motion, and for all

degrees of expansion. Thus, when the crank is set at the end of the stroke either

way, the centre, F, of the valve lever coincides with the centre of the slot, and
therefore the slot may be moved over from forward to backward gear without
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affecting the valve at all. It will be seen at a glance, that, if the lower end, D,

of the lever, E, were attached directly to the point, A, on the connecting rod,

there would be imparted to the centre, F, of that lever an unequal vibration above

and below the centre of the disc, K. The extent of inequality would be twice

the versed sine of the arc described by the lower end, D, of the lever, E
;
and

this would give an unequal port and unequal cut-off for the two ends of the

stroke. But this error is corrected by attaching the lower end, D, of the lever, E,

to the vibrating link, B
;
for while the point, A, on the connecting rod is perform-

ing a nearly true ellipse, the point, D, in the vibrating link, B, is moving in a

figure like an ellipse bulged out at one side, and this irregularity is so set as to be
equal in amount to the versed sine of the arc described by the lower end of the

lever E, thus correcting the above error, and giving an equal travel to the centre,

F, of the lever above and below the centre of the slot. At the same time, the

error introduced by the movement of the end of the valve link, G, is corrected by
curving the slot, J, to a radius equal to the length of G.
These two errors may, however, be set against each other, and a compromise

may be made by attaching the end of the lever, E, direct to the connecting rod

at A, and allowing the centre, F, to slide in a straight slot. By a just balancing

of the errors so produced, and by making the centre, F, of the lever, E, and the

centre of the disc, K, to coincide at varying points in the travel of the former, a

fair motion may be got for the forward gear of an overhead marine engine, giving

a longer cut-off for the up stroke than for the down stroke. This is, of course, at

the sacrifice of the backward gear, in which the reverse is the case, and the various

degrees of exhaustion are between the two extreme conditions.

Referring again to the equalising of the traverse of the centre, F, of the lever,

E, in the slot, J, the unequal traverse may be either under corrected or over cor-

rected by shifting the point, D, in the vibrating link, B, nearer to or further from
A

;
by this means a later point of cut-off may be given to either end of the cylinder

at will, and the engine may thus have more steam admitted to one side of the

piston than to the other if required. The same thing may be done for the lead.

By altering the position of the crank, for which the lever centre, F, coincides with

the centre of the slot, J, an increased or diminished lead may be given. The
central positions and exact corrections are, however, in all cases standard and
equal.

Question 23.—What is the object of a winding indicator, and where is it

usually placed ?

The object of any winding indicator is to show the position of the cages in

their ascent and descent in the shaft, and it should be placed well within the view
of the engineman in the engine-house whilst at his duty there. The indicator

g 2
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receives its motion from the crank shaft, to which, in the ordinary form of indi-

cator, one end of a small chain is attached and round which it is wound. The
other end is carried, by means of pulleys, overhead to a suitable place in the wall

of the engine-house, and has there attached to it a well-defined pointer, which
travels in a groove formed vertically in a frame resting against the wall. When
the cages are at certain levels in the shaft, it is shown to the engineman by the

travelling pointer reaching certain marks formed in the indicator, in addition to

which it is made to ring a bell each time the ascending cage approaches the

surface, thereby giving warning to the engineman to close the steam valve.

Another form of indicator, worked by gearing off the crank shaft, consists of a

circular dial face with an index hand moving round it, which indicates the position

of the cages by well-defined marks on the dial face.

Question 24.—Describe any system or systems of winding coal up shafts in

which the use of the drum on the engine is dispensed with.

The use of the drum is dispensed with in Craven’s Improved Winding Gear
for Mines, and also in the Kcepe system of winding. The following description

of the former method appeared in the Colliery Guardian of June 9th, 1882 :

—

“ Important improvements have lately been introduced by Mr. John Craven, of

Wakefield, in the form and arrangement of winding gear for mines, for the inven-

tion of which letters patent have been granted. The improvements consist mainly
in obviating the necessity for coiling ropes round the drums usually employed,
and so removing the danger and expense arising from the great wear and frequent

injury of the ropes by one coil chafing against the other. In order to effect these

objects, the inventor employs a single winding rope, an upper set of grooved head-

gear pulleys, and a lower set of grooved winding pulleys, each consisting of two
pulleys, and an intermediate grooved pulley between the two sets. The rope is

attached at one end to one of the cages, passes over one of the headgear pulleys,

under one of the winding pulleys (to which the motive power is applied), and
back over the intermediate pulley, and then under the other winding pulley, and
thence over the other headgear to the other cage, to which the end of the rope is

attached. This arrangement is designed to give greater durability to the rope,

and to obviate all tendency to slipping of the rope, as in proportion as the weight

of the load is increased the adhesion of the rope is augmented. The bearings

of the intermediate pulley may be carried in a movable frame, either inclined or

otherwise, so as to admit of the pulley being adjusted as required, in order to

maintain the rope taut.

“ Fig. 71 represents in elevation and Fig. 72 in plan a winding-gear constructed

and arranged after the method above described. A set of two-grooved headgear
pulleys is mounted in bearings in the headgear or frame-work, and another set of

two-grooved winding pulleys is keyed on the crank shaft of the engines in the

engine-house. The headgear pulleys are preferably set at an inclination inwards

towards the winding pulleys in the engine-house, as shown in the plan. The in-

termediate grooved pulley is mounted in bearings carried by the framework. The
single winding rope is attached at one end to one of the two cages and passes over

one of the headgear pulleys, thence under one of the winding pulleys in the

engine-house, and then back and over the intermediate pulley, and then under
the other winding pulley in the engine-house, and to and over the other headgear
pulley to the other cage, to which the end of the rope is attached. The winding
engine is represented in the engraving, and its power is applied to the crank
shaft of the engines, on which the winding pulleys are mounted, so as to drive

the pulleys in the one or the other direction for raising the one cage and lower-

ing the other by the one rope. The bearings of the intermediate pulley are in

blocks which are capable of sliding upon guides carried by the framework. To
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these blocks are attached the rods represented in the elevation, the other ends of

which are screwed and pass through lugs, and are provided with screw nuts. By
screwing up or slackening these nuts the bearings can be moved in one or the

other direction to maintain the rope taut, or to slacken or tighten it as required.

The following specific advantages are claimed for the invention :—No chafing of

rope as in the ordinary system of drum, so that the ropes last longer; reduction

Fig. 72.

Craven’s Winding Gear.

of work for the engine to do in starting ; reduction of strain upon the engine, &c.,

in stopping
;
speed, instead of being obtained by a large diameter of drum, is got

from the engine running quickly
;
a smaller engine is required than with ordinary

gear, owing to the comparative lightness of the winding pulley
;
the winding

pulleys have only one groove each, and are of very small weight comparatively

;

saving in first cost, the engine-house being much narrower, and only one rope
required instead of two

;
great adhesion, no slip occurring between the rope and

the pulleys.”

Mr. Percy, in his Mechanical Enguieering of Collieries
,
describes the Koepe

system as follows :

—
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“ The Koepe system of colliery winding dispenses altogether with winding
drums and substitutes a pulley. One winding rope answers for, and is attached

to both cages instead of having a separate rope for each. This rope having a cage
at each end simply passes about half round an ordinarily constructed V pulley

on the crank shaft. The balance rope under the cages is used in connection
with the Kcepe system. The advantages claimed for the arrangement are mani-
fold. First, massive winding drums are abolished, thus avoiding the enormous
weight to start and stop each winding. Second, the pair of engines can be brought
closer together, thus making the crank shaft shorter. Third, a smaller engine-

house is required. Fourth, only one rope is actually used for winding. Fifth,

the rope always coils round exactly the same diameter. Sixth, the rope always

works in the same line. Seventh, the load is exactly uniform throughout the

winding. Eighth, a smaller pair of engines are equal to the work. Objections

have been taken to the arrangement that the rope is liable to slip upon the drum-
pulley

;
if the rope breaks the two cages fall down the pit

;
and the difficulty in

re-capping. However, the Koepe system has been fairly tried at the Bestwood
Collieries and has been successful. There are two pits exactly the same depth

and raising the same load in equal times, the steam for the engines coming from
the same range of boilers. The Koepe engines have 30-inch cylinders and 5 J-foot

stroke. The non-Koepe engines have 36-inch cylinders and 6-foot stroke. Such
a result is certainly encouraging for the advocates of the Koepe system of colliery

winding.”

In the appendix to the same work, Mr. Percy, referring to the same subject,

writes :

—

“ The Koepe system as arranged at Bestwood is more elaborate than has been
described in Chapter IV.

“ True, there is only one winding rope, but there are two lighter or safety ropes
also attached to both cages, and the object of these is that should the main rope
break, the cages will not run down the pit. The manner of their operation is

somewhat curious. The ends are attached to the respective cages, and the ropes

pass over two pulleys in the headgear. The diameter of these pulleys is the

distance from centre to centre of cages. So long as the main rope does not break,

these safety ropes simply move about, but when the main rope breaks, the safety

ropes have the weight thrown upon them, and pressing down upon their pulleys are

brought to a stand, and prevent either cage from running back. This arrangement
necessitates, in addition to the main rope, two safety ropes, and a balance rope

under the cages equal in weight to the other three. It is really no part of the

Koepe system, introduces’complication, and is not necessary. The Kcepe system

proper consists as described, of one winding rope, one balance rope and one
drum-pulley.”

Neither Mr. Craven’s nor the Koepe system appears to have become at all

popular.

Question 25.—State any rules you know for finding the nominal horse-powers

of engines.

Molesworth gives the following :

—

“ Nominal ” horse-power means very little
;
the term is arbitrary and varying.

The actual or indicated horse-power varying in stationary engines from 2\ to

3 times the nominal horse-power, and in marine engines it is sometimes 6 or 7
times the nominal horse-power. It is now becoming obsolete for marine engines

V = mean velocity of piston in feet per minute.

D = diameter of cylinder in inches.

S = stroke of engine in feet.

H = horse-power of engine.
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For high pressure engines.

H V^

D _ '>/i 5'6 H
1/S

V = 128 %/s

For condensing engines.

H _ z>2 %/s
~

47

D — ^47^

V = 128 %/ *

Mr. Greenwell gives the following ;

—

For high pressure engines .

H = D*

13-6

For condensing engines.

H =—
30



CHAPTER V.

SURFACE ARRANGEMENTS (Continued).

STEAM BOILERS AND THEIR FITTINGS.

Ordinary Forms of Colliery Boilers, “ Egg-Ended,” Cornish, and Lancashire—General Con-
struction and Flue Arrangements—Galloway Tubes for Cornish and Lancashire Boilers

—

Details of Construction—Riveting, Punching, and Drilling—Caulking—Welded Shell

Joints—Attachment of Flat Ends—Expansion Joints for Internal Tubes—Relative Strengths
of Different Riveted Joints— Diagonal Seams—Complete Shell Rings—Means of Strength-
ening Apertures cut in the Shell—Seating a Lancashire Boiler—Faulty Methods of Seating
—Seating Blocks and Crown Tiles—Means of Preventing Radiation of Heat—Position on
the surface in which to place Boilers—Boiler Fittings—Mechanical Stokers— Hydraulic
Test—Steam-pipe Connection— Steam-pipe Expansion Joints—Heating the Feed-water
before it enters the Boilers—Feed-pumps and Injectors—Chimneys and Chimney Flues

—

Galloway Breeches-Flued Boilers—Babcock and Wilcox Water-tube Boilers—Vertical

Boilers—Safeguards against Explosions—Grooving, &c.— Necessity for Care in Tending
Boilers—Water Impurities—Analysing and Purifying Feed-water by the Addition of

Chemicals—The Hotchkiss Boiler-cleaner—Seale’s Patent Water Purifier—Periodical

Examination of Boilers by Experts—Causes of Explosion—Dangerous Practices when
Cleaning Boilers—Warming Surface Buildings by Steam—Rules Relating to Boilers

—

Separators and Steam-traps—Feed-water Heaters and Economisers—Warning Whistles, &c.

Boilers are necessary for the generation of steam to supply the engines with

their motive power. They have been made of various forms at different times,

but those now mostly used for colliery purposes are the common cylindrical

boiler, the Cornish, and the Lancashire. The efficiency of boilers is expressed by
their evaporative power of water per lb. of coal consumed on the fire-grate.

Common boilers evaporate about 7 or 8 lbs. of water per lb. of coal consumed,
and Cornish and Lancashire boilers from 10 to 12 lbs.

The plain or Egg-ended Boiler, shown at Fig. 73, is fired externally, the fire-

grate being situated underneath the boiler, but not shown on the sketch. Boilers

of this type are made in lengths varying from 20 to 35 feet, 30 feet being a

common length. There is little or no gain by extending the length beyond 35
feet. The construction of this boiler is very simple

;
it does not require any stays

whatever, either at the hemispherical ends or elsewhere. The disadvantages

attending its use arise from the fact that it is a large coal consumer, and that all

sediment, collected in the bottom of the boiler, is immediately over the greatest

heat, and there is, consequently, a great risk of burned plates. Again, owing to

its small amount of heating surface, steam cannot be so rapidly generated in it,

nor obtained from it, at the high pressure so frequently required at collieries.

Formerly, the products of combustion were conveyed round the boiler by what
was termed a “ wheel-flue.'’ Having passed under the boiler to the end, the

products of combustion entered a side flue, thence traversing along one side of the

boiler, across the front end, back along the other side, continuing on to the

chimney. The present practice is to dispense with this, and the boilers have
what are known as “ flash-flues/’ that is, the products of combustion pass under
the boilers, and direct to the chimney.
A Cornish boiler has two flat ends and one internal flue passing from end to
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end. The object of the internal flue is to give a greater heating surface than
that of the egg-ended boiler.

Fig. 74 shows a sketch of this boiler.

The products of combustion pass from the fire-grate through the internal tube

to the back end of the boiler, then, dividing, they return to the front end along the
two side-flues. Here they pass down to the bottom flue, and, re-uniting, pass
underneath the boiler to the chimney.
Where the flues are traversed thus, the gases are reduced in temperature before

coming in contact with the bottom of the boiler, where all sediment collects, and
all danger of burned plates on the under side of the boiler is avoided. Where
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the water used in the boilers is pure, or with boilers of such a length as to ensure
the gases being considerably cooled before leaving the furnace flue, it is usual for

the products of combustion to be brought first along the flue under the boiler to

the fire end, where they divide and pass upwards into the two side flues, which
they traverse to the end of the boilers, and thence to the chimney.

It has been estimated that the temperature of the gases escaping from boilers

of the Cornish and Lancashire type having a moderate draught is about 6oo° F.

The egg-ended and Cornish boilers are usually made 6 feet in diameter.

The Lancashire boiler, like the Cornish, has two flat ends, but it has two internal

flues running from end to end, and is usually from 7 feet to 8 feet in diameter.

The Cornish and Lancashire are internally fired, a furnace being placed at the

one end of the internal flue of the

Cornish, and two furnaces at the

one end in the two flues of the

Lancashire.

Fig. 75 is a sketch of a Lanca-
shire boiler fitted with Galloway
tubes.

The Cornish Boiler is suitable

for small powers. If boilers of

great power were made of the

Cornish type, an excessively large

furnace flue would be required,

in order to give sufficient grate

surface. The length of grate

is regulated by the reach of the

fireman, and in practice is made
from 5 to 7 feet. A flue of

large diameter is weak to resist collapse, unless very thick plates are used in its

construction, and thick plates are undesirable in steam boilers.

The Lancashire Boiler is designed to meet the requirements of large power, the

two flues of moderate size serving the same purpose as one large one. The
arrangement of the external flues is the same as that described for the Cornish

boiler.

In both the Cornish and Lancashire boilers the effective heating surface

is increased, and a better circulation of water in the boilers promoted by the use

of “Galloway” tubes. A further advantage of the “Galloway” tubes is the

increased strength given to the flue in which they are placed. They are conical

in shape, and pass through the central flues beyond the fire-bridge, some being

placed vertically and others diagonally, those placed diagonally being at right

angles to each other.

In a line of tubes a vertical, right-hand diagonal, and left-hand diagonal, are

placed in succession. The conical tubes are about 5 inches larger in diameter

at the higher than at the lower end. Galloway tubes may have Gamgee spouting

cowls applied to them. A cowl consists of a dome extending from the top of the

tubes to about four inches above the water-line. The dome contains an inverted

cone, the object of which is to cause the ascending hot currents of water to pass

from the top of the Galloway tube into a gradually contracted space. The
reduced area increases their velocity and causes them to be ejected into the

steam space above the water-line. The colder water falls to the bottom of the

boiler, and so the whole body of water is kept in more active circulation.

In constructing these boilers, iron or mild steel plates are used, the joints in the

shells of which are riveted together by either a single or double row of rivets.

The holes formed in the plates for the rivets are either drilled or punched, and
the rivets may be either oval, or, what is much more common, circular in form,
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and the riveting may be done by hand or mechanical power. The plates should

all be of good quality, to stand the various processes of flanging, welding,

punching, &c., to which they are subjected. The plates forming the furnace flues

are more severely taxed by variations of temperature than any others in the boiler,

those of the furnace-crown especially being subjected alternately to the fierce hot

flames from the fire and the currents of cold air which rush into the furnace every

time the firing door is opened.
Steel is unquestionably a better material for the construction of boiler than iron,

but great care must be paid to its special properties, and plates of a mild nature,

possessing moderately high tensile strength, but great ductility should always be
used.

Boiler makers test the plates used for boiler making in many ways. One
test for ductility is to bend back the flange of a plate when cold. Another test for

steel plates is to cut strips, which are heated red hot, then plunged into cold

Fig. 76. Fig. 77. Fig. 78. Fig. 79.

Boiler-plate Joints.

water, after which they are bent cold to a certain defined radius. The ductility

is fully proved if the strip shows no sign of fracture.

Thinner plates of steel may be used than would be necessary with iron plates

in boilers worked at a given pressure.

The joints of the flues are formed either by riveting or welding.

Riveted joints are either lap-joints or butt-joints.

In the ordinary lap-joint the edge of one plate projects, or laps over the edge
of the next plate as shown in Fig. 76. Sometimes the plates are slightly thickened

at the portion forming the joint, as shown in Fig. 77.

In the butt-joint the two plates are placed level and uniform, edge to edge with

each other, and the connection made by either a single cover-plate, as shown at

Fig. 78, or by a double cover-plate, shown at Fig. 79. Rivets are then driven

through the boiler and cover-plates.

Where lap-joints are made the plates are cut to overlap one another slightly,

and then bent to the proper curvature.

All joints in the shell of a boiler are single, double, or triple riveted, but triple

rivets are only used in the seams of marine boilers of large diameter, and working
at high pressure.

The simplest form of joint is a single riveted lap-joint, but it is also the least

efficient. The rivets are placed about two inches apart centre to centre, and are

about -fths of an inch in diameter.

Double riveting is done in one of two ways. Where the rivets of one row are
placed opposite to the spaces between the rivets of the other row, it is termed zig-
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zag riveting as shown in Fig. 80. Where the two rows of rivets are placed

opposite each other, it is called chain riveting, as shown in Fig. 81. Zig-zag

riveting requires less lap than chain riveting, besides making a tighter joint, but

the plates are not so strong. The chain riveted makes the stronger joint, and is

coming more into use.

There are some advantages in punching the holes in the plates, and some in

drilling them. The strongest argument against punching plates lies in the fact

that the plates are punched when flat, and afterwards bent to shape, whereas the

drilling is done after the plates have been bent.

A plate with punched holes receives damage along the row of holes in bending.

To some extent, also, punching injures the texture of the metal immediately

surrounding the hole. Again, where the punching is carelessly performed the

holes in the plates do not correspond. What is called drifting is then resorted

to. It consists of bringing the two plates into good alignment for receiving the

rivets by either a pointed or barrelled drift. Where the contiguous holes of two
plates are so much out of correspondence as to be nearly blind the pointed drift

is used.

The practice of drifting is most objectionable, especially with the pointed drift,

as the plates are injured by it. Where the holes do not quite coincide they

should be drilled true. It is quite true that the plates when drilled separately

present the same difficulty with respect to a want of agreement between the rows
of holes.

Drilling machines are now in use whereby the plates are drilled when fixed in

position, thus ensuring an absolute coincidence of the holes in the different

plates.

The holes formed by drilling are of a uniform size throughout the plates, but

punched holes are slightly tapered as shown in Fig. 82. When the plates are

placed together, the small ends of the holes are placed inside the joint, and the

larger ends outside. There is in this a decided advantage in the punched holes,

as when the rivets are driven in they hold the plates more firmly, and make a

tighter joint than with the parallel holes of drilled plates.

The edges of drilled holes are sharp, and exercise a cutting action on the

rivet; if slightly counter-sunk the strength of the rivets is increased, but this adds
to the expense. No cutting action takes place at the outer edge of a punched
hole.

From experiment it seems well established that where the plates are punched
the rivets are stronger, but the plates are weakened to a greater degree

;
and

altogether joints made with drilled holes are rather stronger than joints made
with punched holes.

The rivets should be of the best Lowmoor iron or mild steel, and are heated in

a common portable hearth before being hammered down. Greater care is

required with steel rivets than with iron, as steel is a material which suffers even
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greater injury than iron from being over-heated. As the rivets cool they contract

and draw the plates closer together. Formerly, all the joints were riveted by
hand, but now wherever a machine can be applied it is used to do the riveting.

Besides doing the work more quickly, good machine riveting is superior in

strength to hand riveting. The hydraulic riveting machine is mostly used for the

purpose. In machine riveting the pressure on the whole body of the rivet is more
gradual than that resulting from the sharp, sudden blows of a hammer in hand
riveting. This gradual pressure, resulting from powerful squeezes, forces the

rivet into the hole, making its filling a matter of certainty before forming a head
at all, and the joint is, therefore, more secure. The act of riveting with a

mechanical riveter is momentary, and the point of the rivet is not rendered brittle

by being repeatedly hammered when at a low heat or cold. Care should be
taken to have the plates drawn closely together before riveting, or the com-
pression of the body of the rivet into the hole may cause a slight shoulder to be
formed between the plates, which will prevent the closing of the joint.

When the riveting of the boiler is completed, the joints should all be carefully

caulked, so that they may be absolutely steam and water tight.

The usual practice is what is called split caulking. Fig. 83 shows this method
as applied to a lap-joint, and Fig. 84 as applied to a butt-joint.

By means of a tool something like a chisel a score or split is cut as shown in

the figures. This brings the extreme edge of the lap into

close contact for about fth of an inch, but at the same time

is objectionable, as in the case of lap-joints it is liable to

open the plates between the extreme edge and the point

where they are held tightly together by the rivets. For
this reason, many makers have now largely given up split

caulking.

The best practice consists in planing the edges with a

slight bevel, and then by means of a proper caulking tool

the surfaces are driven into close contact without injuring

the plates.

A boiler shell consists of rings formed of plates from three

to four feet six inches wide, rolled with the grain running
circumferentially. Each ring is usually composed of two
or three plates. Steel plates are now rolled large enough to admit of one plate

forming an entire ring, so that there is only one longitudinal seam in a boiler

made of such plates.

Within the last few years boilers have been made with welded joints in the

shells. If the soundness of these joints were assured, a boiler made of complete
rings would possess advantages over one built in the ordinary manner, in having

fewer joints, which, besides being the weakest parts of a boiler, are the places

where leakage most frequently occurs, and external corrosion arising therefrom.

The soundness of welded joints is, however, still uncertain, and for this reason

boilers built with these ring plates have not become popular.

The plates in the rings are connected to each other by lap or butt joints, as are

also the rings to each other.

The circular seams form a continuous line round the boiler, but the horizontal

or longitudinal seams are not continuous, the joint in each ring being intermediate

to joints in the adjoining ring.

The flat end plates are each in one piece, the portion to receive the internal

flues being bored out of each plate, and are connected to the shell in different

ways.

Fig. 85 shows the usual method of attaching the front plate to the shell and
to the internal tube, and Fig. 86 the method of joining the back plate to the outer
shell and internal tube. In Fig. 85 a ring of angle iron is placed outside the

Fig. 83.

JI
-

Fig. 84.

Split Caulking.



94 SURFACE ARRANGEMENTS.

shell, and riveted to the shell and to the front plate. The internal tube is usually

similarly dealt with at both the front and back ends, having a ring of angle iron

placed outside it at either end, the angle iron being riveted to the tube and to the

end plate as shown in Figs. 85 and 86.

Occasionally both the front and back plates are attached to the shell by inside

angle iron, but usually the back end plate is flanged and then riveted to the

shell plates by an ordinary lap joint as shown in Fig. 86.

Sometimes the internal flue is attached to the end plates by flanging the end

plates inwards or outwards.

The longitudinal seams of internal, boiler tubes are either welded or butt

jointed. The reason why no lap joints are made in the internal flue is that any

departure from a truly circular section gives less resistance to collapse. The
cylindrical shell of a lap-jointed boiler is not perfect in form, but the internal

pressure to which it is subjected, has a tendency to rectify the defect and to bring

lu. - J
1

r—
r

Fig. 85.—Attachment of
Front-end Plate.

Fig. 86 .—Attachment of
Back-end Plate.

Fig. 87.—Bowling Hoop
Expansion Joint.

the shell to the form of an exact cylinder. The effect of external pressure on an
imperfectly cylindrical tube, however, increases the defect and causes a greater

departure from the true circular section. By welding the longitudinal seams or

by butt-jointing them, the truly cylindrical form is approached as nearly as

practice allows.

In addition the internal tubes require strengthening and also to have some
provision for expansion and contraction, as they are subjected to great heat and
sudden admissions of cold air. It is customary now to secure the different rings

forming the flue to each other by an expansion joint. At first a ring of T iron

was used for strengthening the tubes. It was riveted round the joints of each
ring of plates, and although found to give sufficient strength it held the flue too

rigidly and did not allow free expansion and contraction to take place.

Fig. 87 shows the Expansion or Bowling Hoop, which has been much used for

flue joints. It is weldless and can be made in iron or steel. It is as strong as

the T iron ring with the advantage of allowing free expansion of the tube. The
objection to it is that it exposes two rows of rivets and a double thickness of

plates to the intense heat of the furnace, and these are therefore liable to be
burned.

Another form of expansion joint is known as Adamson's Flanged Seam, and is

shown at Fig. 88.

In it the ends of the flue plates are flanged and connected by means of rivets

with a ring placed between. The object of the ring is to give a caulking edge on
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each side of the lap. This joint is very elastic and allows free expansion and

contraction to take place.

By its use no double thicknesses of plate and no rivets are exposed to the

action of the fire. All plates which require flanging must, however, be of

excellent quality and even then if not skilfully done, the joint gives a considerable

amount of trouble.

Fig. 89 shows another method of strengthening flues and of allowing for their

expansion and contraction
;

viz. Paxman’s Flue Joint. It consists of welded
rings of iron or steel, which are rolled out accurately in a machine to the

shape shown on sketch, the connection being made by a simple lap joint.

This joint allows for expansion. The rivet heads and double thicknesses

of plate although not removed from the action of the fire are out of immediate

contact with it.

Foxe’s corrugated furnace flues are stronger than the plain flue fitted with any

of the strengthening rings mentioned, and yet their shape allows every facility

for expansion, whilst giving greater heating surface than the ordinary flue. An

Fig. 88.—Adamson’s Flanged Seam. Fig. 89.—Paxman’s Flue Joint.

objection to their use, however, lies in the facility offered for sediment and salt

incrustation to gather and form in the hollows of the corrugations at the top of

the flue, whilst at the bottom the corresponding hollows under the fire are filled

with dead ashes, not easy to remove.

The method of fitting Galloway tubes in the flues consists in making a hole in

the upper side of the flue of such a size as to allow the flange of the small end of

the tube to be passed through. The hole cut at the bottom of the flue is the
net size of the bottom of the Galloway tube. A row of rivets is then driven all

round the flanges through the flue. The lower flange of the Galloway tube is

inside and the upper one outside of the flue as shown at H, in Fig. 90. Some-
times the Galloway tubes are welded into the flues and this is very effectual in

preventing leakages at the joints. An objection to this plan is the large hole
which must afterwards be cut in the flue, if it is found necessary to remove the
tube, as the welded part must be cut away with it.

As shown at Fig. 90 the last two rings of an internal tube in a Lancashire
boiler are rather smaller than the others, the last but one being tapered in form,
the diameter at the small end being some six inches less than at the larger end.
The egg-ended boiler, as before stated, requires no stays whatever, owing to its

shape at the ends. The pressure acting on flat surfaces, however, causes
those surfaces to bulge out. All flat surfaces in boilers therefore require to be
stayed.

In the Cornish and Lancashire boilers the only flat surfaces are the ends and
these require to be stayed, with gusset stays or with longitudinal stays passing
from end to end of the boiler, or it may be with both.

Gusset stays are usually made of a single plate of iron and this is fixed
to the end plate and to the shell by means of angle irons on each side of the
strengthening plate, and shown in Fig. 90 at E. The rows of rivets at the front
end gusset stays may also be seen in Fig. 105.

There are usually five gusset stays over the flue and two under at each end.
Longitudinal stays are rods of iron or steel secured at the ends by nuts and
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washers. One is shown at R in Fig. 90. When these stays exceed 20 feet in

length they have a tendency to droop in the centre and must, therefore, be sup-

ported there by small brackets riveted to the shell.

In staying the ends, the object desired is to strengthen the plates and yet

preserve a certain amount of elasticity. If made absolutely rigid the flues would
not have sufficient freedom to expand.
The following table, taken from Sir John Anderson’s Strength of Materials

,

enables us to compare the relative strengths of the different forms of riveted

joint.

The strength of the solid plate is taken at 100.

Riveted Joints.

Description of

Joint.
Riveting. Rivet Holes.

Percentage of

Strength of the

Solid Plate

possessed by the

Joint.

Lap Single
( Punched

l Drilled
55
62

Lap Double
( Punched

( Drilled

69

75

Butt, 1 Cover Single
C Punched

( Drilled
55
62

Butt, 1 Cover Double
( Punched

l Drilled

69

75

Butt, 2 Covers Single
( Punched

1 Drilled
57
67

Butt, 2 Covers Double
( Punched

( Drilled

72

79

From this table it appears that the single riveted lap joint is the weakest, that

butt joints with one cover are no stronger than lap joints, but with two covers

the percentage of plate strength is a little more than lap joints.

In the construction of boiler shells it has been proposed to substitute diagonal

seams for the longitudinal, but an objection to this is the waste of plates resulting

from cutting the ends to the chosen angle. Doubtless, a cylindrical boiler

constructed with seams in this manner would be stronger than with ordinary

longitudinal seams. A cylinder is twice as strong transversely as longitudinally.

In any boiler shell having the circular and longitudinal seams similarly

riveted the former has twice the resisting power of the latter. A single riveted

joint, unless badly designed and clumsily made, is rather more than half as

strong as the solid plate. A single riveted ring seam is, therefore, calculated

to resist pressure equally as well as the solid plate of the same thickness in the

longitudinal section. In whatever way the longitudinal seams are riveted they

cannot be made as strong as the solid plate and consequently the strength of
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any boiler to resist internal pressure is limited by the strength of its longitudinal

seams. If, instead of forming any longitudinal seams at all, the plates are cut

so as to form an angle between the circular and the longitudinal the strength of

the joint must be increased, the amount of increase being greater the more
nearly the circular is approached. It is true that the effect of a diagonal seam
replacing a straight longitudinal one would, while adding to the resisting power
longitudinally, also weaken it transversely.

As the ring seam is so much stronger than the straight longitudinal, however,

a boiler formed with diagonal seams would be, on the whole, stronger to resist

internal pressure, and taken altogether the alteration would be a gain.

Boiler-plates are now made of such a size as to admit of one forming a ring,

and possibly the amount of waste in cutting a diagonal seam on it would not be
of so much consequence as the increased gain in strength obtained by it.

The diagonal seams would be formed by double riveting and be placed above
the water-line, thus ensuring a considerable increase in the total strength of the

boiler, if the angle formed between the ring and longitudinal seam be well chosen.

Some efforts have been made, too, to roll short, complete rings by special

machinery, for boilers, but there appears to be considerable difficulty in practically

carrying out this process.

Wherever an opening is cut in a boiler for a steam-pipe or any other fitting, an
internal block is riveted round the opening to compensate, in some measure, for

the diminished strength.

The man-hole is the largest opening in the boiler, and as this is usually elliptical

in form, 16 inches by 12 inches, it necessitates cutting a large aperture in the boiler

crown. At one time these man-holes were left without any strengthening collar,

notwithstanding the danger arising from the diminished loss in strength of the plate.

Afterwards it became the practice to rivet a broad strip of wrought-iron round the

hole on the outside. The lid or cover consisted of a flat plate rolled to the cur-

vature of the boiler. It was fitted to the inside of the shell and held up by bridge

bars, bolts and nuts. With this arrangement it was very difficult to get a good fitting

joint, as a great strain was brought upon the shell-crown by screwing the cover-

bolts so tightly, the effect of which, increased by the steam pressure inside, was
liable to bulge the cover sufficiently to fracture the edge of the man-hole. Rings
of cast-iron were then tried, made to fit boilers of any radius, and these answered
very well for moderate pressures. With increased pressures, however, these man-
holes began to fail, and where the pressure is great the man-holes are now made
of wrought-iron or steel. Besides the rigidity of cast-iron, which does not permit
the man-hole to stretch as the more elastic wrought-iron or steel will do, cast-iron

man-hole mouth-pieces may contain hidden faults such as blow-holes in the body
of the metal. The present practice is to strengthen the aperture by riveting a

broad strip of wrought-iron or steel round the inside of the hole, and fitting above
it a short cast-iron, or, if for high-pressures, a wrought-iron or steel-flanged neck.

This neck or mouth-piece is made flat on the top and has a slightly curved cover,

secured to the neck by bolts and nuts passing through the flanges.

Boilers should be placed absolutely level in their seatings, or be very slightly

inclined to the front. Usually they are fixed with an inclination of 1 or 2 inches
in the length, the fire end being the lower, so as to have more water there than at

the other end when at work, and to ensure the boiler being thoroughly emptied
through the blow-off cock when desired.

This plan allows for any slight settlement which may afterwards take place in

the boiler, causing the back end to drop. If the boiler be set exactly level and
the back end afterwards settle down slightly, all the water would not flow out of

the boiler through the blow-off cock when desired.

The objects to be aimed at in setting an ordinary Cornish or Lancashire boiler

are :

—

C.M.H. H
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1. The circulation of the gases in contact with the shell, so that the heat of the

fuel is utilised to its full extent.*

2. The distribution of these gases in such manner as to equalize the tempera-
ture of the shell as far as is practicable.

3. The arrangement of flues to give free access for a person to make an
inspection of every part of the outside of the boiler.

4. The prevention of loss of heat by radiation from the surfaces not exposed
to the hot gases.

Drawings Nos. 91—95 show the details of seating for an ordinary Lancashire
boiler designed to meet these requirements. The products of combustion pass
from the internal flues, as shown by the arrows, under the bottom of the boiler,

and return by the side-flues to the

stack. In constructing the side-flues

great care must be taken that only the

portion of boiler-plate which is below
the level of the water inside the boiler

is exposed to the direct action of the

flames or heated gases. If the side-

flues are so constructed as to allow the

heated gases to come in contact with

the plates above the water-line, there

is danger of the plates being burned.

The external flues are built of ordi-

nary bricks, but it is essential that all

parts of the seating exposed to the

action of the fire should be made of

good fire-brick, and the external flues

are always lined inside with a thickness of \\ inches of fire-brick. In a range

of boilers, the walls must be sufficiently thick between them to allow of one
boiler being removed without injury to another.

It is of great importance to reduce as much as possible the actual contact of

the brick-work with the bottom or sides of the boiler, as these points of contact

are the most liable to deterioration. In some modes of setting there is no contact

at all below the water-line, the boilers being suspended.

Care must also be taken in fixing boilers in the saddles on which they rest that

some arrangement is made to allow for their expansion and contraction. For this

purpose rollers are sometimes placed in the saddles.

There are a number of ways in which Cornish and Lancashire boilers have
been at different times improperly seated.f Fig. 96 is a method of faultily seating

a Cornish boiler, while Fig. 74 shows the most approved method of seating a

similarly constructed boiler. In it properly designed seating blocks are used for

the boiler to rest on, the point of contact between the two being over an extremely

small area. To ascertain the supporting width in transverse section for the seat-

ing blocks where in contact with the boiler, allow one inch per foot diameter of

the boiler
;
thus the seating blocks for a boiler 6 feet in diameter should be 3 inches

on each side where in contact with the boiler, and for a boiler 7 feet in diameter 31-

inches on each side. The crowns of the side flues should be built with proper

quarter-circle tiles, and these as well as the seating blocks should be hard and of

a non-porous nature, so that they may not absorb moisture and secrete corrosion.

Above the crowns the brickwork should not exceed 6 or 9 inches.

Fig. 96 shows the boiler seated without either seating blocks or crown tiles, and

* See Report of the Chief Engineer to the Boiler Insurance and Steam Power Co., Manchester,

June, 1881.

t For this comparison we are indebted to very able articles in the columns of the Practical

Engineer.

Fig. 96.—Faultily Seated Cornish Boiler.
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the flue space formed by the brickwork is limited in extent and faulty in design.

The seatings are built of ordinary fire-brickwork, are a foot broad, while the same
kind of work is in contact with the boiler above the crowns of the side flues for

1 8 inches on each side.

The effect of so much brickwork in contact with the boiler renders the latter

more difficult of examination, and being porous, it is calculated to absorb moisture

and keep out of sight corrosion at those portions of the boiler shell covered by
the brickwork.

Besides these objections to such masses of brickwork, there is the further one
that the seatings formed in Fig. 96 deprive the boiler of a considerable amount of

heating surface. In a boiler 28 feet long, the heating surface lost at the seatings

would be (1 ft. -h 1 ft.)— (3"+ 3") X 28= 42 square feet as compared with Fig. 74.
Allowing 10 square feet of heating surface per nominal horse-power the deprivation

of heating surface results in a loss of 4*2 nominal horse-power in a boilerof the length

given as compared with Fig. 74, and would be still more in one of greater length.

Again, the side flues of Fig. 74 being of ample size and suitable shape, offer no
impediment to a full and searching examination when the boiler is not at work,

and at other times ensures an efficient draught. The deposits of soot formed on
the sides of the shell will fall to the floor, which being level or but slightly below
the level of the lowest point of the boiler shell, allows of a certain amount of

accumulation without greatly interfering with the draught, whereas in Fig. 96
thick deposits of soot still further reduce the capacity of the flues, and necessitate

more frequent cleaning out than in Fig. 74.

To ensure a sufficient depth in the side flues further attention must be given to

the form of seating block used. It is not sufficient that this presents a small

bearing surface for the boiler to rest on, for if made shallow and used for boilers

of comparatively small diameter, the side flues formed as a result will be restricted

in area. The seating blocks then must be of sufficient depth, as well as made to

give narrow bearing surfaces for the boiler to rest on.

Fig. 97 shows a seating block suitable for a large boiler. Its inner vertical side

next the boiler is 1 2 inches deep, by 1 2 inches wide at the bottom, and 3 inches

thick in its outer edge, presenting a bearing surface of 4 inches at the portion in

contact with the boiler plates. Opposite the ring seams, these blocks should be
made in two parts as shown at Fig. 97, and the upper part left loose. This will

facilitate examination for leakages at the seams of that portion of the shell resting

on the blocks, as the loose portions of the blocks may be taken out, and after the

examination is completed, re-placed.

The use of lime-mortar in any brickwork or blocks, actually in contact with the

plates must be carefully avoided. The effect of using it in those positions is to

corrode the iron, and therefore ground fire-clay is substituted to cement the fire-

bricks and blocks in setting steam boilers. Fire-clay of good quality, such as that of

Stourbridge, stands heat and sets well, and it has no injurious effect on boilerplates.

Fig. 97.—Seating Block. Fig. 98.—Closing-in Tile.

H 2
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A suitable quarter-circle closing-in tile for the crowns of side flues is shown at

Fig. 98. It has a radius of 9 inches, so that the width of the side flue at the top

should be 9 inches, whilst at the bottom it should be constructed of such size as would
enable a circle of 9 inches radius to be struck so that its circumference may
touch the floor and side of the side flue, and also the shell of the boiler, as shown
by dotted lines in Fig. 74.

Many other instances of improperly seated boilers besides that shown in Fig. 96
may be given.

Fig. 99 shows a case where, owing to limited space, a Cornish boiler was set

without side flues.* Here the shell is completely covered by brickwork, allowing

Fig. 99. Fig. 100. Fig. ioi.

Improperly Seated Boilers,

of no opportunity of examination, and inducing corrosion to a dangerous extent

without possibility of its being discovered.

Fig. 100 shows a Cornish boiler improperly seated with one small side flue and

a bottom flue.

The effect of this on a long boiler is to cause springing and leakage of the

seams from the heat being applied to one side of the boiler only.

Figs. 101 and 102 show a less objectionable way of seating a Cornish boiler in

places where sufficient room cannot be obtained for side flues, but it is a wrong

Fig. 102.

Improperly Seated Boilers.

mode of seating. Here the boiler is carried on cross walls, and the products of

combustion coursed as shown by the arrows.

Figs. 103 and 104 show faultily seated Lancashire boilers where there has been
sufficient room for the side flues, but no regard has been paid to giving access
outside the shell.

Errors of this kind, shown in Figs. 103 and 104, may be corrected by removing
parts of the brickwork, so as to enlarge the flues.

To prevent radiation of heat from the upper part of the shell, some kind of

external protection must be provided. For this purpose boilers are too often

entirely covered with brickwork, but this practice is very objectionable. It

renders the upper portion of the shell inaccessible for examination, and should
a slight leakage take place at a joint of one of the fittings, most probably it

would not be detected until the moisture resulting from it had spread over a
considerable surface of the shell, owing to the absorbent porous brickwork.

* See Report of the Chief Engineer to the Boiler Insurance and Steam Power Co., Manchester,
June, 1881.
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The Seating of an Ordinary Lancashire Boiler.
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The effect of damp brickwork in contact with the boiler plates is to cause

damage to the plates by external corrosion. It is quite possible for this to

remain undiscovered until it causes an explosion of the boiler.

Sometimes the upper part of the shell is covered by a “ lagging ” of wood
stuffed with sawdust, but this practice is no more to be admired than a brick-
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Fig. 95. Fig. 105.

The Seating of an Ordinary Lancashire Boiler.

work covering. Coverings of patent felt and fibrous substances, which are bad
conductors of heat, are much to be preferred to the previous-mentioned methods
of external protection. An objection, however, to the use of these coverings is,

that they do not admit of the detection of leaks so readily as in uncovered
boilers. The best and most approved arrangement of external protection is that

of providing a chamber closed in by thick tiles as shown in Figs. 91—94.*

This method renders the upper portion of the shell quite accessible at any

* See Report of the Chief Engineer to the Boiler Insurance and Steam Tower Co., Manchester,

June, 1881.
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time for examination. Fig. 95 shows an alternate method of covering with some
good non-conducting material, but it is not nearly so good a plan as that shown
in Figs. 91—94.

Besides a separate covering for each boiler, a general roof covering should
always be provided over boilers, to protect the whole range of boilers and fire-

holes from the weather.

In explanation of Figs. 91 and 92,

—

E shows the chamber-tiles, and floor-tiles at fire-hole.

F Ordinary brickwork.

G Firebrick walls or linings.

H Fireclay shaped blocks.

K The damper suspended by a chain passed over a pulley, at the other end
of which is a damper counter-weight not shown in the drawing.

L The chimney flue, or a flue leading to a main chimney-flue.

M Concrete bed or ordinary brickwork.

N A short 4^-inch partition-wall dividing the downtake into two com-
partments. Its object is to prevent baffling of the draught where the

gases from the two internal flue-tubes unite. The absence of this wall

may cause annoyance.
It will be observed (Fig. 91) that a proper recess is formed giving access to the

blow-off cock and facility for its inspection. The practice of bedding the

blow-out pipe in the wall is to be condemned. The upper course of brickwork, G,
at the front end is shown 4J inches thick, or it may be brought up 9 inches thick

to within a few inches of the boiler plates and there reduced to 4J inches, so as not

to increase the area of brickwork in contact with the plates beyond what is abso-

lutely necessary.

Care should be taken in setting the boiler to allow a clear space of one or two
inches between the shell angle ring and the floor-plates at the front end

;
at the

same time the shell angle ring should itself project about an inch beyond the

front cross-wall, so as to be clear of the brickwork and open to inspection. In a

range of boilers the main flue should be such a size as to afford a sectional area

of not less than 5 square feet for each boiler of the range. In the case of a

single boiler the width should not be reduced to less than 2 feet, on account of

the difficulty of cleaning it, &c.

In some cases, the downtake, instead of being covered in with the quarter-

circle tiles shown in Fig. 91, has a flat cast-iron cover plate for the purpose. It

is of sufficient size to reach across the diameter of the boiler and the two side-

flues. In boilers having a good draught the products of combustion issue from
the flue-tubes at a high temperature, which the crown tiles are unable to resist

beyond a limited time, after which they are fractured and allow the downtake
to fall in. The cast-iron plate is a more expensive covering as regards first cost,

but where the temperature of the escaping gases is high, is much more suitable.

With regard to the position in which boilers should be placed on the surface,

circumstances must decide. In selecting the situation, it will be well to bear in

mind one or two points.

Low and damp situations cause moisture in the flue brickwork, and where
these situations cannot be avoided, the importance of preventing any damp
from reaching the plates resting on the seatings is manifest.

A comparison of Figs. 74 and 96 shows without much reflection that the former

is much better calculated to resist ill-effect to the boiler shell resulting from a

damp situation, than the latter. In Fig. 96 the broad seat receives any leakage

water from the boiler side above, which it readily absorbs, and the moisture

yielded from the damp situation is very likely to find its way to the same point,

where it lodges against the shell and causes external corrosion, which is hidden
from view. In Fig. 74, leakages from the boiler sides would not be so liable to
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remain in contact with the shell at the seating blocks, nor would moisture from
the damp situation be likely to reach the shell at all, as the top of the blocks is

considerably above the side flue floors.

The front of the boilers should be parallel with and close to a railway or siding,

so that coal may be brought and ashes removed conveniently, and to prevent loss

of heat in pipes, the nearer the boilers are to the engines the better.

Boiler fittings .—A manhole large enough to admit of a person getting into the

boiler to inspect its condition and do any necessary cleaning or repairing. A
blow-off cock usually placed in front of and below the level of the boiler

;
a pipe

leads from the bottom of the boiler, the end of the pipe being closed by a valve
able to withstand the pressure of steam. The blow-off cock, on being turned,
allows the water from the boiler to run through this valve. The water-gauge

,

Fig. 106, is a thick glass tube placed in the end of the boiler, one end of which com-
municates with the steam space above the level of the water in the boiler, the other

end below the water level. It thus indicates the level of the water in the boiler. It is

usually provided with a cock at each end by means of which it may be cut off from
connection with the boiler, so that in case of a broken glass, the steam and water

can at once be prevented from escaping and a fresh glass inserted. There is

another cock at the lower end of the tube by which means the water in the tube

can be allowed to escape from it. Another plan for ascertaining the level of the

water is to place two gauge-cocks in the end of the boiler, the one being two or

three inches higher than the other, the one being above and the other below
the water level in the boiler. If the water is at its proper height steam
should issue from the upper one on opening it and water from the lower one.

These gauge-cocks should always be placed on the boiler in addition to the

water-gauge. Still another method of ascertaining the height of the water in the

boiler is by means of a float resting on it and communicating with a chain passed

round a pulley above the boiler, at the end of which is attached a weight moving
up and down with the float in the boiler. One of the most important of the

fittings is the safety-valve
,
Fig. 107. The necessity for this is evident, for an

engine may stand a considerable time, during which the pressure inside the boiler

goes on increasing, and if some provision were not made for its escape an
explosion must occur. The safety-valve should be placed directly on some
convenient portion of the surface of the boiler, in preference to being attached to

the pipe leading from the steam-valve, as often seen. The most common form
is the lever. The valve is kept close by means of a lever fast at one end and
having a sliding weight at the other, and near the fixed end a spindle passing

through the valve, resting in its seat, communicates with the boiler. The
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objection to its use lies in the fact that it sometimes gets corroded and sticks in

its seat, and it is being supplemented by the use of dead weight and spring-

valves.

Fig. 108 is a sketch of Hopkinson’s Double Safety-Valve, designed to guard
against either excess of pressure or deficiency of water. The valve is placed in a

dome to protect it from injury, as shown in the Fig. The part B has a curved

surface accurately fitting the top of pipe C, which is in direct communication
with the boiler. The weight A slides along the lever, and may be adjusted to

the required pressure. The float D is so adjusted that when the water in the

boiler is at its proper level, the lever on which it is suspended is in a horizontal

position, and the valve is closed. If the level of the water falls below its proper
position, the float D sinks, and at the same time raises the valve by means of the

spindle under it, thus allowing the steam to escape. In some instances as it

blows off, this steam is made to sound an alarm whistle calling the attention of

the boiler attendant.

All boilers should have two safety-valves, or a safety-valve and an escape-valve

,

the latter allowing the steam to escape on attaining a certain pressure.

A good plan is to fit a boiler with a Hopkinson’s Double Safety-Valve and a

Hopkinson or Cowburn Dead-Weight Safety-

Valve.

The feed water-valve is so arranged as to

allow the water to flow into the boiler, at the

same time preventing any from returning. It

is used to regulate the supply of water to the

boiler.

The steam
,
crown, or stop-valve regulates

the supply of steam from the boiler to the

steam-engine, and it may be closed or opened
by means of a screw worked by a hand-wheel.
Dampers are placed in the flues to regulate

the draft on the furnace, and these are hung by chains passing over pulleys with

balance-weights attached.

A fusible plug is sometimes employed to guard against the risk of explosion.

A short nozzle is attached to the boiler just below the lowest level at which the

water may safely stand. On this there is screwed a cap, the central portion of

which is composed of an alloy which melts at a temperature not very much
exceeding the boiling point. So long as this plug is kept covered with water it

remains firm, the heat being carried away from it by the water, but should the

level of the water fall so low as to expose it, the centre at once melts, and allows

the steam and part of the water to escape into the flues and furnace, damping or

extinguishing the fire, and at the same time removing the undue pressure. An
objection to its use is, that it cannot be relied on after being in some time, as it

becomes incrusted or injured by the heat and loses its efficacy. The pressure or

steam-gauge is the means by which we ascertain the pressure of the steam.

Mercurial gauges were at one time employed, but now “ Bourdon’s ” is chiefly

used. In this there is a dial-plate with a hand on it pointing to the pressure.

The steam acts upon a spring of peculiar construction, causing the index hand to

move according to the steam pressure, and the figure at which the hand points

denotes that the pressure inside the pipe to which it is fixed is that much above
atmospheric pressure. Thus, if the hand points to 20, we know that the pressure

of steam is 20 lbs. above that of the atmosphere. A pressure-gauge should be
fixed to each boiler, and one also to the main steam-pipe common to all the

boilers of a range. In Chapter XIV. of this work pressure-gauges are more
particularly referred to.

A mud-hole placed near the lowest part of the boilers. In the Lancashire boiler

Fig. 108.—Hopkinson’s Double
Safety-valve.
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it is placed in the front end-plate
;
the orifice is oval in shape, and its cover is

occasionally removed for the discharge of sediment.
The furnace of a Cornish or Lancashire boiler consists of the mouthpiece,

having doors provided with a sliding grid, shown in Fig. 105. The furnace bars
are made in two lengths as shown in Fig. 90. At the front end these bars rest
upon the dead plate, and at the back at a slightly lower level so that the bars may
incline inwards. They are supported by the fire-brick bridge, either on a ledge
formed on the bridge for the purpose, or a bearer built in it. In the middle at
the joint of the two lengths the bars are supported by a cross-bearer. The
bridge is usually built entirely of fire-brick to within about 20 inches of the crown
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of the internal flue, but sometimes a cast-iron stool is used to carry both the
furnace bars and the fire-brick. The stool is provided with a sliding door, by
means of which the admission of air to the furnace flue is regulated from the
furnace mouth.
Some furnaces have a self-feeding arrangement. The coal in these is placed

in a hopper above the furnace at the front end of the boiler, and a small revolving
scoop driven by an engine constantly and slowly sprinkles the coal into it. A
slow motion is also imparted to the furnace bars, so that the burning fuel is

gradually carried to the back of the furnace as fresh coal is supplied in front.

The objection to this plan is the complicated nature of the mechanism and the
power required.
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In the Bennis and also in Proctor’s Mechanical Stokers the coal is distributed

over the fire by flaps or shovels.

Fig. 90 shows a longitudinal section, Fig. 109, a side elevation, and Fig. 105, a

front elevation of a Lancashire boiler, the seating for which is shown in Figs. 91-95*

In Fig. 90, A and C are blocks for the safety valves, a dead weight safety valve

to be placed at A and a Hopkinson’s double safety valve at C.

B is the block for the stop valve, to which is also fitted a perforated or anti-

priming pipe inside the boiler, but not shown in the drawing.

D is the manhole block. It is usually oval but sometimes circular in shape,

and is large enough to admit a man to the interior of the boiler to clean or repair

it. It is placed in any convenient position at the top of the boiler.

E are gusset stays.

R longitudinal stay.

WL the water-level in the boiler. Modern practice fixes the low water line at

4 inches and the working level at 9 inches above the furnace crowns.

H Galloway tubes.

K Furnace bars.

G the fire-brick bridge.

P The internal flue, the rings being welded and connected to each other

by the Bowling hoop expansion joint.

M the blow-off block.

F The feed pipe extending about 8 or 10 feet into the boiler, and having the

inside portion perforated to allow of a gentle distribution of water all

round it.

N a mud-hole for the discharge of sediment from the boiler, shown also in

the front elevation, Fig. 105.

In Fig. 105 will also be seen the feed-water-pipe and valve, two glass water-

gauges, two gauge cocks, the furnace doors, blow-off cock, and the cleaning

flue doors.

Lancashire boilers to work at no lbs. per square inch are at present made of

the following dimensions :

—

Length 30 feet. Diameter of shell 8 feet. Diameter of internal tubes 3 feet

3 inches. Number of shell rings 9, made of mild steel having a tensile strength

of 30 tons to the square inch. Two plates in each ring § inch thick
;

circular

seams, lap-jointed double zig-zag riveted, 3J inches pitch, ij inches line to line;

horizontal seams butt-jointed with inside and outside strap plates \ inch thick,

pitch 3xy', i|- inches line to line in the outer lines, 2 \ inches line to line in the

centre line. Rivet holes Tf inch, all drilled in position. Diameter of rivets

| inch, of mild steel machine-riveted. End plates of mild steel inch thick,

the back-plate flanged, the front single riveted to shell angle iron 5 inches
by 3 inches by f inch. Internal tubes of mild steel -/-ginch thick, 3 feet 3 inches

diameter, the plates having a tensile strength of 22 tons per square inch. Internal

tube rings hand-welded, flanged and attached by 3! inches by 35- inches, by

f inch angle irons to the end plates.

Five gusset stays at the front and back end plate above the tubes and two
below, and one centre gusset. The boiler subjected to a hydraulic test of 250 lbs.

to the square inch.

A boiler should be tested to at least double the pressure it is intended to work
at before being sent from the works, a hydraulic pump being used for the purpose,
and a close examination for leakages being maintained throughout the test.

Insufficient attention in many cases is given to the various pipe connections.*

* The following observations respecting steam-pipe connections and expansion joints are, to a
large extent, drawn from the columns of the Practical Engineer»
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The principal connection of a steam boiler is the steam pipe. The steam
from the boilers should pass into the main pipe direct, or into a receiver of

large size from the top of which the main pipe afterwards leads. The receiver

or main pipe crosses over the boilers at right angles to their length, and
each boiler of a range should have a separate connection with the receiver. The
receiver should have no inclination either way, and some provision must be made
for expansion and contraction of the pipes. The steam pipes should be protected

from loss of heat by radiation, and for this purpose a covering of patent felt may
be placed over them. Sometimes the receiver is supported by pillars from the

boiler walls, rollers being placed on the pillars for the receiver to rest on and to

permit of expansion and contraction.

Fig. i io shows the usual form of expansion joint used for steam pipes. It

consists of an ordinary stuffing box and gland, and provides for longitudinal

motion in the pipes by allowing them to slide in and out to an extent depending
on the expansion and contraction which take place, and at the same time remain
steam tight. In any long length of straight pipes which are not subject externally

to upward or downward pressure or strain, and having no connection with them

Fig. no.

Steam-Pipe Expansion Joints.

except at the two extremities, this expansion joint renders good service, the

pipes being free to expand and contract without interference by side strains.

These expansion joints, nevertheless, require attention, as the material with

which they are packed wears, and so causes leakages unless renewed when

necessary.

Fig. 1 1 1 shows another form of expansion joint, which it was thought would be an

improvement on that of Fig. no. In it two thin diaphragms are secured at their

outer circumference to a block ring which is about 2 inches thick. The central

portion of each diaphragm receives the steam pipe at its inner circumference, and as

the diaphragms are thin and considerably larger in diameter than the pipes on

either side, they form an elastic joint. As the steam pipes expand or contract

the diaphragms approach or recede from each other, at that portion which is

joined to the steam pipes.

It is very questionable whether this form of expansion joint is any improve-

ment on that which it was designed to supersede. The steam in its passage along

the pipes enters the space formed between the diaphragms with considerable

force, and the pressure arising therefrom tends to separate the diaphragms, which

may at the same time be subject to other motion resulting from expansion and

contraction of the pipes. To ensure the necessary elasticity, the diaphragms must

be made thin
;

if too thin they are unable to stand the force of the different

pressures acting on them, and so give way.
In arranging a system of steam pipes from the range of Colliery boilers

several points call for consideration. Frequently the main pipe is connected with

the boilers as shown in Fig. 112, but it is an arrangement not to be recom-
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mended. The motion to which a boiler is subjected is transmitted to the

connections made with it, and when at work there is continual expansion and
contraction taking place, which will change in accordance with the firing of the

boiler and the consequent change in temperature and steam pressure. In a

range of boilers these changes will be irregular at all times, and be most marked
on laying the boilers off for cleaning, or repairs, and on re-starting them. Any
tendency on the part of the boilers to revolve in their seats, following from expan-

sion and contraction, causes a strain on the pipe joints and flanges, which, if

severe enough, fractures them.
The boilers of a range are also subject to unequal settlement in their founda-

tions, which is followed by a strain on the steam pipes
;

this will be more or less

injurious to the joints according to the distance between boilers.

In a range of boilers having the steam pipes connected with them as shown at

Fig. 1 1 2, the effects of expansion and contraction on the steam pipes maybe
slightly guarded against by fixing an expansion joint between every two boilers

of a range. But this will not be sufficient to remedy the evils of all possible

Undesirable Methods of Connecting Steam Pipes with Boilers.

strains, and in a range composed of many boilers introduces a constant source
of anxiety to the boiler attendant, who will have considerable difficulty in keeping
so many stuffing boxes in order and steam tight. On account of the attention
required to prevent leakages at expansion joints, the aim should be as far as
possible to dispense with their use.

Fig. 1 13 shows another arrangement of steam pipes which in this case are
carried across the range of boilers close to the stop valve, and the objections
urged against Fig. 1 1 2 apply with equal force to the arrangement shown at
Fig. 1 13.

A method of connecting the steam pipes to a range of boilers free from
the objections given to those just described is shown in plan, at Fig. 114,
and, in elevation, at Fig. 115. Here, the main st:am pipes cross the range
of boilers at right angles at a distance of 7 or 8 feet from the stop valves,
and a branch pipe at right angles to the main pipe is laid from each
stop valve to the main pipe. To a very large extent this provides for unequal
settlement of the boilers at their foundations. The motion caused by the settle-
ment of one boiler is transmitted to the branch pipe, but while the full effect of
the settlement is felt at the stop valve end of the branch pipe, the strain
resulting at its other end which is fixed to the steam pipe will be slight, and
may be provided for by not carrying the main pipes on fixed, unyielding
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supports from the boiler walls. These should be carried on rollers placed on
springs which, while allowing for longitudinal expansion and contraction

in the pipes, would also yield to the motion transmitted by the branch pipe,

Fig. 1 14 .—Approved Method of_Connecting Steam Pipes with Boilers.

and in turn convey it to the branch pipe on either side of that first receiving

motion.

The use of expansion joints may be altogether dispensed with by providing

springing lengths in the pipes. Where practicable, bends may be placed at

right angles to act in this way, either

Fig. 115 .—Approved Method of Steam Pipe
Connection.

along the course of pipes or at the

two extremities. Where this method
cannot be pursued, a horizontally

laid U-shaped bend may be intro-

duced between the two boilers at

both extremities of the range. As
variations in temperature proceed,

the legs of the U will be acted

on so that the two ends move

'

slightly nearer to, or further from

each other.

Fig. 1 16 shows another method
of laying the steam pipes from the

boilers which is nearly as effective

as that shown in Figs. 114 and 1
1 5,

and is suitable under circumstances

that prevent the arrangement there

shown, such as irregularity of line in the stop valves resulting from boilers

of a range being added to from time to time, or obstructions crossing a line

which would otherwise be chosen at the stated distance from the stop valves.
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In this case the branch pipes forming the connection to the main pipe, instead

of being straight, are curved and doubled back, as shown in the figure.

Whichever system is adopted, the bends of the U’s where placed at the two

Fig. i6.—Approved Method of Connecting Steam Pipes with Boilers.

extremities of the steam pipes, and the steam pipes themselves across the boilers,

should be laid horizontally, in order to avoid all lodgment of water in the pipes.

If the steam pipes cannot be con-

tinued in a horizontal position to

the engines, they should be slightly

inclined towards them and any

water formed through condensation

be removed by separators, or steam

traps.

Where the steam pipes are not
!

laid on a level with the stop

valves, some means have to be de-

j

vised to overcome the difference in

level, but it can never be so good

an arrangement as that which places

the stop valves and steam pipes on

the same level.

|

Fig. 1 17 shows a plan some-
! times adopted to overcome this

! difference of level. Under ordi-

\ nary working conditions it may
! work effectually, but when one

boiler of the range is idle the branch pipe becomes a receptacle for con-

densed water, necessitating the use of a drain pipe and tap, which must be

Fig. 1x7.—Means resorted to through neglecting
TO PLACE THE MAIN STEAM PlPE ON A LEVEL WITH
the Stop Valve.
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fixed under the branch pipe, and so add to the cares of the already fully burdened
boiler-attendant.

Where steam is generated on the surface and conveyed in pipes down the

shaft, expansion-joints should be placed at suit-

able intervals—ordinarily about 50 yards—in

the shaft. As the pipes form a long straight

line in the pit, the ordinary expansion-joint

is usually adopted and found to answer well.

If the pipes have to be continued from the

bottom of the shaft into the underground work-
ings along roadways which are subject to dis-

turbance, either from lateral pressure or up-

ward or downward variations of the floor and
roof, the ordinary expansion-joint is unsuitable,

because it does not yield to the road disturbances

sufficiently to prevent injury or breakage to the

pipes and consequent blowing at the joints.

Fig. 1 18 shows an expansion-joint especially

adapted for allowing air,* steam or water pipes

to accommodate themselves to the irregularities

of underground roadways. A ring or cylindrical

casting, K, is made with internal projections, F,

at each end, of such size as to pass freely over

the outside of the pipe B B. These projections

are about f or § of an inch, and allow the ends

of the pipe to move to the inside of the ring

at J J, and by so doing the pipe, if 9 feet long,

can be placed from 9 inches to 18 inches out of

a straight line, as shown in dotted lines at

A A, without at all affecting the security of

the joints at D D. The joints D D are made
by placing india-rubber rings over each end
of the pipe B B, and to ensure their having a

thoroughly tight grip of the pipe, the india-

rubber rings must be smaller than the external

part of the pipe B B. The ends of the cylin-

drical ring K are grooved out at F, and so

also are the inside of the loose flanges E E, so

that the india-rubber rings C C are kept firmly

in place and cannot be blown out by pressure.

After all parts are put in their places, the

through-bolts G G are screwed tight, when the

joint is completed, ready for use.

Any pipe may be used for putting on the

expansion-joint by cutting 5 or 6 inches out of

the middle, or two old or broken pipes may be

taken if one flange of each is good.

The joint being simple is quickly made, as

it requires no special connecting-pipes when
joining new pipes, and when replacing an old

one it need not be exactly the same length as

of the pipe may be varied a few inches by

Fig. 118 .—Steam Pipe Expansion Joint
for Underground Roadways.

the one removed
;

the length

pushing it in or drawing it out of the expansion-ring K.

See Transactions, South Wales Institute of Mining Engineers, vol. XVI. pp. 188, 189.
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The feed-water should be conveyed to the boilers hot. The temperature of the

water in its passage along the pipes is not high enough to cause inconvenience
from expansion and contraction of the pipes, and no expansion-joints are needed.
The exhaust steam is often used to heat the feed-water before the latter passes
into the boilers, but unless this is done without allowing the steam to mix with

the feed-water it is objectionable, as the grease and dirt pass from the cylinders

into the boilers and so into the cylinders again and again. There are various

i methods of utilising the heat in the exhaust steam, most of which consist of

!

passing it through pipes surrounded by the water-tank out of which the feed is

j

supplied or by reversing the arrangement. Formerly feed-pumps were used to

|

force the water into the boilers, and this was frequently done without raising
I the temperature of the water before doing so. The water entered the boiler

! through a pipe at the top and extended downwards a little, terminating in

I
an open-mouthed pipe. Where the water has to be brought from a distance or

I from any point below the level of the boilers, pumps worked by small engines may
still do most useful work, but they are not much used to pump the water direct

|

into the boilers. The usual practice is for the pump to deliver the water into a

|

tank placed a little above the level of the boilers, unless the water will reach the

tank by gravitation. After the temperature of the water has been raised in the

I

tank, it is conveyed by means of injectors to the boilers
;
or, if an exhaust injector

j

is used, the temperature of the water is not raised in the tank, but enters this form
! of injector at 90° F. or lower.

The injector is lighter, occupies less space, and absorbs less power than a feed-

|

pump, and is quite as reliable in action, with the further advantage of coming
f into action only when required.

Injectors may be divided into two classes, viz., live-steam injectors and exhaust-

1

steam injectors. The action of both is somewhat strange, and has puzzled many
engineers. In the former the water is forced into the boiler by the pressure of

live steam direct from the boiler acting on the surface of the water in the injector,

under certain conditions. In the latter the same object is attained by the use of

;

exhaust steam, also under certain conditions.

M. Giffard invented the injector many years ago, and it was introduced into

this country by Messrs. Sharp, Stewart & Co., whose works were formerly at

Manchester, but have been removed to Glasgow. This form of injector is still

the most generally used, but it is not applicable to all purposes. Although
Giffard’s injectors are stated to draw water from the supply, they all, but more
especially the small sizes, work better when placed below it, so that the water
may run to the injectors by gravitation. The pressure of steam to work the

injector must not be under 5 lbs., nor must the pressure against the water being
forced into the boiler be more than twice the pressure working the injector. It

cannot be employed when the temperature of the feed-water is above 135
0
F. for

low pressures and 105° F. for the highest pressures, as a part of its efficacy arises

from the condensation of the steam. If therefore these temperatures are exceeded,
a large volume of water is required to condense the steam, and the effect of this

is to reduce the velocity of the steam in driving forward the large body of water.

To work efficiently under the conditions named, the regulators require very careful

adjustment.

The following particulars are furnished by the Patent Exhaust Steam Injector

Co., Limited:

—

“ The Giffard Injector was the first ever made, and the improved form of the

original instrument, shown in Fig. 119, has been proved by experience to be a

reliable apparatus, simple to work, and not liable to get out of order. Having
self-contained steam and water regulators, it will work at a greater range of

steam pressure than any other class. It may be fixed either above or below the

C.M.H. 1
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level of its supply water, and the fixing can be done by any local engineer or

mechanic.
Steam

Regulator.

Water Supply

Overflow <—

Steam from Boiler.

Fig. 119.—The Giffard Injector.—Class A.

“ Among its advantages are the following:—

-

1.—Small first cost, the absence of all working parts in motion, and the

consequent small repairs.
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—It supplies water to the boiler without the necessity of working the

steam engine, and in a continuous stream instead of intermittently as

with a pump.

3.

—The steam admitted to the injector is condensed and re-enters the boiler

with the feed water, thereby raising its temperature, so that only hot

water enters the boiler, and the straining of plates consequent on
unequal expansion when pumping in water at a low temperature is

avoided.

4.

—The consequent saving of the power required to work pumps, as well as

of their wear and tear, which, in the case of donkey-engines especially,

is considerable.

5.

—The freedom from risk of damage or stoppage by frost.

j

“ Very many thousands of these improved injectors are at work all over the

world, and the makers confidently recommend them as being in all respects
1 most complete and efficient, and certain to give the greatest satisfaction to steam
users in all countries. Having all the progressive number books in their posses-

sion, exact duplicate injectors of these and all other classes made by Sharp,

Stewart, & Co., Limited, can only be obtained from their sole successors, The
Patent Exhaust Steam Injector Co., Limited, 4, St. Ann’s Square, Manchester.

1
“ Instructions for Fixing .—The injectors may be placed horizontally or ver-

tically, with connecting pipes. There must be a continuous supply of dry steam,
with a cock or valve on the steam-pipe to the injector. The water-supply must
be continuous, and should not be hotter than 135

0 Fahrenheit with low pressure,

or 105° Fahrenheit with the highest pressures. The delivery to boiler is of course
much hotter than this. The injector may be placed either above or below the

level of the water-supply
;
the small sizes will draw from 2 feet to 5 feet, and the

larger ones 12 feet. There must be a back-pressure valve on the delivery pipe to

the boiler. The water-supply pipe must be perfectly air-tight. A cock or valve

is only required on this pipe when the water flows to the injector, and has to be
shut off when not working.

“ Instructions for Working .—Open the cocks on the steam- and water-supply

pipes. Open the water regulator and slightly open the steam regulator until

water issues from the overflow, after which, open it fully and the water will be
forced into the boiler. If all the overflow is not taken up when the steam regu-

lator is fully opened, adjust the water regulator to stop this. The water regulator

should be turned to its full extent occasionally, to prevent its setting fast. The
quantity of water delivered to the boiler may be reduced when the injector is

working, by turning down the steam regulator until there is an overflow, and
taking this up as usual by the water regulator.

“ Steam from the boiler passes through the top branch pipe where shown on the

drawing, and is admitted to the injector through a conical nozzle. The lower

end of a vertical spindle fits accurately into the nozzle, and an ascending or

descending motion may be given to this spindle by means of the screw actuated

by a hand-wheel at the top. The admission of steam may be thus regulated.

The feed-water enters the injector on the opposite side from the steam and flows

through a branch pipe at a slightly lower level to the steam-pipe branch, as

shown in the Fig. It passes round the outside of the conical nozzle to meet the

steam which rushes in with great velocity
;
the steam is condensed and a partial

vacuum formed, into which the following steam rushes with great velocity, to be
in its turn condensed, but the water is carried along with it, and the energy is so

great that the water is forced into the boiler notwithstanding the pressure against

it. The water supply is regulated by the hand-wheel shown at the side. It works
a small pinion inside the injector, and, on being turned, moves a tube up
and down. Provision is made by means of a branch pipe placed below the

level of the feed-water branch, for the overflow water. A back-pressure valve is

1 2
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placed at the bottom of the injector, and on the side of the boiler not shown in

the Fig. a check-valve is placed, which prevents the escape of water when the

injector is not in action.”

The difficulty of understanding the action of the injector arises from the fact
j

that the steam is able to drive the water it meets in the steam-cone into the boiler
jj

against a pressure equal to or greater than its own.
The explanation given in Prof. Jamieson’s Text-book on Steam and Steam-

Engines is as follows :—If two jets issue under the same pressure, one of steam

and the other of water, the velocity of the former will be many times greater

than that of the latter, and if steam, in its passage from a boiler, is condensed
to water, but not reduced in velocity to that of water issuing under the same
pressure, it is then able to overcome the pressure of water in its own boiler.

In the Giffard injector, the meeting of the steam and water in the nozzle causes

condensation of the steam without its losing its velocity, except that due to the

friction of the passages. The partial vacuum, caused by the condensation, is

followed by more steam, which rushes in with great velocity to meet more water

in the nozzle
;
condensation follows, and the feed-water in advance is carried on

by the force of the condensed steam-jet into the boiler. The velocity of the

steam-jet is necessarily reduced by imparting a high velocity to this volume of

water, but it is not reduced nearly so low as that of a jet of water issuing under
the same pressure, and hence it is capable of overpowering and forcing back the

water in the boiler.

There are many forms of live steam injectors, in which improvements have
been attempted, the greatest of which is for the apparatus to work when placed

[

above the level of the water-supply. The most that has been attained hitherto in

this direction does not exceed 20 feet.

The Exhaust Injector is the invention of Messrs. Hamer, Metcalfe, & Davies.
|

The feed-water tank must be placed at a slightly higher level to that of the

injector. The latter may be anywhere connected to the main exhaust-pipes, but
,

the nearer to the boilers the better. An elbow in the exhaust-pipes makes a con-

venient point of connection. As the exhaust steam passes along the pipes, the

injector takes sufficient to supply its own wants without interfering with the

course of the rest. It is capable of feeding any boiler working at not more than
|

60 lbs. pressure, so that when the exhaust steam is at atmospheric pressure, or

1 5 lbs. absolute, the feed-water opposes and overcomes a pressure against it off

60 lbs. per square inch.

The exhaust injector in no way affects the working of the steam engines. Toll

start it, communication is opened with the exhaust steam and with the feed-water

supply. It may be arranged to work as an ordinary injector so as to feed the

boiler when the engine is standing. The temperature of the feed-water must not]

exceed 90° F.

The construction of the exhaust injector is different from the injector. In the'

former the exhaust steam enters the top of the injector and passes into a conical

nozzle. This nozzle is fitted with a fixed conical spindle, the object of which is

to concentrate and direct the flowing exhaust into a circular jet by the time it

meets the cold feed-water, and so precipitate condensation. The feed-wateilj

enters a branch at the side of the injector near the top, and on flowing into the

conical chamber surrounds the steam in its passage through the nozzle. Con- \

densation begins as the exhaust and feed-water meet in the condensing chamber
which forms the upper part of the hinged nozzle. The hinged nozzle imparts tc

the exhaust injector its automatic action. When not at work the nozzle hangs

back, by this means giving space for the water and steam to meet. Immediatel)1

after meeting, condensation takes place, a partial vacuum is formed, and the

hinged nozzle assumes a position which reduces the space through which the

combined exhaust and feed-water pass.
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The exhaust injector requires no attention, and is automatic in its action,

starting and stopping with the engine to which it is connected. It is very efficient

where engines work without stoppages, and is said to give good results even where
engines do not run continuously, but whose motion is without interruption for

several minutes at a time, and if a colliery winding engine runs sufficiently long

during a period of winding, it may work satisfactorily with such engine. The waste

steam, in passing through the injector, heats the feed-water to a temperature of

about 190°. A saving in fuel from 15 to 20 per cent, is effected by the applica-

tion of this injector as compared to pumping the water into boilers.

There must be the usual back-pressure valve on the boiler
;
and if the delivery-

pipe is long, an additional back-pressure valve must be fixed two or three feet

away from the injector.

It has been successfully applied to winding engines, fan engines, and hauling

engines at collieries.

The main flue into which the smoke from the boiler is discharged leads to the

chimney, which is necessary to create a draught. The main flue should have an
area equal to that of the chimney at its base, unless more than one main flue

discharge into it. The chimneys are larger at the bottom than at the top, the

sides having a taper or batter of about 1 inch per yard. They are lined with

firebrick for a considerable distance from the base. To determine the size

necessary for the chimney, allow 5 square feet for each boiler, and let the height

be equal to 25 times the internal diameter. Chimneys are built of many forms,

but the circular seems to be the best.

The following table of round chimneys is taken from Power S/eam :

—

Table of Round Chimneys. Height equal 25 times diameter.

Diameter of

Flue in

Inches.

Height in

Feet.
Rated H.P.

I

Lbs. of Coal
per Hour.

24 50 49 245

27 56 70 35°

30 63 94 47°

33 69 124 620

3 6 75 158 79°

39 81 197 985
42 88 242 1,210

48 100 348 1,740

54 ri 3 478 2
, 39°

60 125 632 3 ,
I2°

66 138 810 4,05°

72 150 1,023 5,n 5

78 163 1,265 6
,3 2 5

84 i 75 i
j 53 i 7,655

90 188 1,830 9 »
I 5°

96 200 2,167 10,835

For 10 boilers it would be necessary to have the diameter of the chimney at its

base about 8 feet, and 200 feet high.
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Besides the boilers already described which have hitherto been most in use at

collieries, may be briefly mentioned a few other forms. The Breeches-flued or

Duplex Furnace is a modification of the Lancashire boiler. In it the two furnace-

tubes, instead of being continuous from end to end of the boiler, unite into one
large cylindrical flue immediately behind the bridges.
The “ Galloway ” is a form of breeches-flued boiler. In it the large flue from

the point of juncture with the furnace-tubes to the back-end plate is somewhat
elliptical in section as shown in Fig. 120.
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Galloway tubes are fixed three abreast and two abreast alternately throughout

the length of the elliptical tube as shown in Fig. 122. As now made the central

cone tubes are placed quite upright, as shown in Fig. 1 20, the others forming a

slight angle with the perpendicular. Galloway boilers are made of steel 30 feet

long and 8 feet in diameter to work at 100 lbs. steam pressure.

The particulars below are furnished by Messrs. Galloways, Limited, Man-
chester :

—

“ The following drawings from photos will explain the general arrangement and
construction of the patent Galloway boiler, containing all the most recent

improvements in design. This system of boiler has been in use for about 30
years, having been improved in many points of detail from time to time—the

latest advance being the upward curve of the under surface of the back flue, and
the radial arrangement of the cone tubes. The alteration thus effected gives more
space for cleaning and examining the lower portion of the boiler, and allows the

insertion of an increased number of cone tubes. The tubes themselves, moreover,

are now made entirely by machinery, and with the flanges square to the centre

line, which causes them to be interchangeable, and reduces the strain upon the

iron in the manufacture.
“ Reliable tests of the efficiency of steam boilers conducted under independent

and competent superintendence are difficult to obtain, but on many occasions the

Galloway boiler has been proved to give a higher result than any other in the

market. We may, however, instance the official tests at the Philadelphia

Exhibition of 1876, which were carried out by a special committee, and entirely

without any interference or control being possible on the part of the makers of the

boiler, where the Galloway boiler evaporated 1172 lbs. of water, at a tem-

perature of 212 0
per pound of coal; and also a test carried out at the mill of

C. R. Collins, Esq., Hele, Devonshire, under the immediate supervision of the

editor of Engineering
,
at which a result equal to 12*83 ^s. of water at the same

temperature per pound of Welsh coal was attained. At Philadelphia, moreover,

the quality of the steam generated was carefully tested, and, in addition to the

highest rate of evaporation, the Galloway boiler was ascertained to give the

driest steam. This is a matter of the utmost importance, as with perfectly dry

steam there can be no risk of break-down occurring to an engine from that

most frequent cause, priming.
“ It has been ascertained in practice that a Galloway boiler is considerably more

powerful than an ordinary two-flued or Lancashire one of equal dimensions, and
as it burns the same amount of fuel it is correspondingly economical. A Galloway
boiler 28 feet long by 7 feet diameter, when driving a condensing engine in fair

order, is fully equal to 300 indicated horse-power, but in many cases one
such boiler has regularly driven over 350 horse-power with compound engine, at

a working pressure of 80 lbs. per square inch
;

this is considerably higher than

can be obtained from a boiler of the ordinary construction.”

Messrs. Galloways supply also the subjoined summary of official tests of

boilers at the Philadelphia Exhibition, 1876, where thirteen boilers were
tested for eight hours each, at a pressure of 70 lbs. to the square inch, “ when
the Galloway boiler gave the most economical result, and furnished the driest

steam.”
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1

Description of
Boiler.

Heat-
ing Sur-
face in
Square
feet.

Horse-
Power at
icubic ft.

Water
evapor-
ated per
Hour.

Lbs. of Water evaporated.

Per
Centage
of Water
in Steam.

Lbs. of Coal
Burnt.

Tempera-
ture of
Gases
leaving
Boiler.

Cubic l Cubic
Feet of Feet of

Total.
Per

Hour.

At 212°

per lb.

combus-
tible.

Per
Hour.

Per
Square
Foot of
Grate

Per Hour.

Water
Space
per

Horse-
Power.

Steam
Space
per

Horse-
Power.

Galloway 973 t4’64 20824 2603 1172 *57 283 7*269 324 I4-IO 4-04

Root 1590 54
*29 27146 3393 Il '565 not taken 381 9*09 393 2‘29 89

Fermenich 1078 26 '46 13233 1654 ***53 not taken 185 11*79 415 4-08 2*63

Lowe ... 774 2 i ‘45 10729 1341 11-489 not taken 153 6-805 332 9*02 2-63

Babcock 1680 62 70 3*358 3919 11*489 3*24 444 9*77 295 3*74 2*20

Andrews 540 18-94 9469 1183 10-513 not taken 148 not taken 419 4-14 I'29

Wiegand 1355 68 -08 34042 4255 10-461 not taken 517 12*32 523 2 "66 *64

Anderson ii35 44 '44 22230 2778 10255 not taken 350 9*747 417 i *43 1*28

Kelly 662 37
'

4 i 18710 2338 10-099 5*97 291 10-82 not taken 1-91 •68

Harrison 900 36-57 18285 2285 10*022 I’ll 284 12-36 517 i *93 •80

Pierce 200 2374 11876 1485 9818 5*53 199 7*99 373 •65 1*64

Exeter I525 32-65 16334 2041 9*765 4*63 280 9*35 429 2*66 i *43

Rogers & Black 399 21-13 10564 1320 9
'

3 * 2-68 181 8*05 57 i V71 1*1 7

In the Water-tube Boilers the flame and hot gases from the furnace act directly

on rows of parallel tubes of small diameter through which the water is passed, and

a receiver is placed over the tubes for the steam given off in them. They are

very rapid steam generators, and like other boilers have their advantages and
disadvantages.

The following description of the Babcock and Wilcox water-tube boiler is taken

from the Practical Engineer of June 22, 1888 :

—

“The exhibit of the Babcock and Wilcox Co., of New York and Glasgow,

consists of one of their patent water-tube boilers, as illustrated above. It has 64
tubes, 4 inches diameter and 18 feet long, with a steam receiver 4 feet diameter

by 22 feet 4 inches long, and is suitable for a working pressure of 180 lbs. per

square inch. It is rated at 126 H.P., and is estimated to be equal to a Lan-
cashire boiler 30 feet by 7 feet 6 inches at 150 lbs. pressure. The rated horse-

power here means 30 lbs. of water evaporated from 2120
,
at 70 lbs. pressure for

each horse-power.

“It will be seen that the boiler consists of a series of lap-welded wrought-iron

tubes, placed zig-zag one over the other, and connected at each end by vertical

headers to a steam and water-receiver placed above in a horizontal position

;

while below, at the back end, there is a cast-iron mud chamber or sediment-

collector, to which is attached the blow-off. These four different parts, when
fitted together, constitute the boiler, and it is by the ingenious combination of

these that the present state of perfection has been arrived at.

“ The tubes are connected with the headers by being expanded into accurately

bored and tapered holes, the headers again being connected by tubes to a

substantial riveted block on the under-side of the water and steam-receiver.

This method is stated to give every satisfaction under all pressures and
conditions.

“ The receiver itself is a cylindrical shell of Siemens-Martin steel, double-riveted

in the longitudinal seams, and single-riveted circumferentially. The end plates

form the segment of a sphere, or are what is usually termed dished. This being
the strongest form in which they can be made they do not require any further

staying. The manhole, for internal examination, is placed in one end, and is

formed by flanging the plate inwards and facing the edge, so that a metal-to-

metal joint can be made.
“ The vertical headers have been usually made of cast-iron, but the firm have

on exhibition a wrought-iron one, similar in design to those in use, as shown in
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Fig. 123. It is a beautiful piece of work, of great strength, and will considerably
add to the confidence already placed in the safety of the boiler.

“The fire is placed under the tubes at the front end
;
the flames and heated

gases rise to the under-side of the horizontal water drum, and thence pass down-
wards among the back portion of the tubes, and on to the chimney. There is no
fear of any evil effects from this arrangement, as the boiler is suspended from
above by means of hoops round each end of the steam and water-receiver, and is

thus entirely free to move and accommodate itself to the variable movements
consequent on expansion and contraction.

“ The water level is about the centre of the receiver, and by virtue of the

greatest heat raising the temperature at the higher end of the tubes it circulates

rapidly upwards at the front, along the chamber, down at the back, and on
through all the tubes.

“ Owing to the rapid circulation, the greater part of the sediment has not time

to deposit itself in the tubes or headers, but is carried onward until by gravitation 1

Fig. 123.—The Babcock and Wilcox Water-tube Boiler.

it reaches the lowest part of the boiler at the back, where it rests in the collector,

and is blown out at intervals through the cock placed there for that purpose.
“ There will, of course, be some deposit in the tubes, and this fact has not

been overlooked. Opposite each tube, at either end in the vertical headers

already mentioned, there is a small door, which is easily removed, and through

which a scraper of improved construction is applied to the inside of the tube.

This scraper, which we understand is the subject of a patent, accommodates itself

to any unevenness, and is used from the front end, while the deposit is removed
j

|

from the back or lower end of the tubes.

“These doors, which are also used in the construction of the boiler for

expanding the tubes, have double joints, to ensure lightness and safety. The
J

inside one has an indiarubber ring, and in case of the nut or stud breaking, or in
\

any way becoming deranged, the pressure on the door presses it against the inside I

face, and so prevents leakage until a new door is got ready.
}“ For cleaning the outside of the tubes ample means have also been provided.
J

In the side wall there are three long narrow doors, communicating with the
J

different sections into which the flame space is divided. A flexible rubber hose,

capable of withstanding 300 lbs. per square inch, is connected to the steam-
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receiver, and the wrought-iron perforated pipe on the other end is put through

the doors and among the tubes; the steam jets rapidly bring down the soot. For

cleaning out there are large doors, as shown in the illustration
;
the one at the

back is also for getting at the sediment collector. The fittings consist of a stop-

valve, a safety-valve, two sets of water-gauges, a feed check-valve, a blow-off

valve, and an improved pressure-gauge, on the Schaffer and Budenberg principle.

Great attention has been given to the delivery of dry steam to the engine—a point

of importance well known to all engineers. The absence of priming in this boiler

makes the use of any special apparatus unnecessary
;
the only precaution to be

taken is to place the stop-valve on the opposite end of the steam-receiver to that

over the fire. The steam is, as it were, made at one end and discharged at the

other, so that by the time it has traversed the receiver all particles of water in

suspension have fallen out of it, and the steam is in a fit state to be conveyed to

the engine without any further drying. We may say while referring to the steam

space that, excepting under exceptional circumstances, the old idea of having a

dome, or other storage for the steam, other than that contained in the boiler-shell

proper, is quite wrong, and so long as ample water surface is provided for the

steam to disengage itself easily, nothing further is required.
“ So much for the construction and design of the boiler, and from what we have

said it will be seen that the manufacturers have paid every attention to these

particulars, even in the minutest details, and from the success that has attended

their efforts to produce an efficient and safe steam generator, they have evidently

not overlooked the many important features inseparable from efficiency and
economy. The ratio of heating surface to fire-grate, and these two combined to

the steam space, is based on actual experiments and nearly 20 years’ experience.

The result, as embodied in practice, is to be found in the continual efficiency of

the boilers at work.
“ The following figures are taken from records of trials that have been made :

—

“In 1879 a trial two borers, 360 H.P., was made in America, when, from
careful observation, the rate of evaporation was found to be at the rate of 9*2 lbs.

of water per lb. of coal at a pressure of 70 lbs., and from a temperature of 180°

with 12 per cent, of refuse.

“In 1883, at another trial in Pittsburgh, 10*9 lbs. of water were evaporated
from each pound of bituminous coal—less 1

1
per cent, of ash—at a pressure

of 70 lbs. from and at 212 0
.

“ Again, during trials at San Francisco, with three different kinds of coal

—

viz., British Columbia, Welsh, and Washington—there were irilbs., 1 1 ‘8 lbs.,

and 10*4 lbs. of water evaporated per pound of pure coal respectively. Efficiency

trials have also been made in this country, and we extract the following from the

company’s report, dated July and August, 1885, regarding tests at the Gaythorn
works of Messrs. J. and J. M. Worrall, dyers, Manchester, with a 140 H.P.
boiler :

—

Heating surface

Grate surface, 6 ft. 6 in. by 4 ft. 6 in

Ratio of heat to grate surface

Duration of test

Average observed steam pressure

Average temperature of water fed to boiler

by injector

Pounds of coal fired

Coal consumed per square foot of grate per
hour

Total water evaporated
Water evaporated per hour

No. 1.

1,616 sq. ft.

29 sq. ft.

55 ^ 1

27 hours

75 lbs.

t35°

25.536

3*7
216,000 lbs.

8,007 lbs.

No. 2.

1,616 sq. ft.

29 sq. ft.

55 to 1

18J hours

95 lbs.

275°

11,704

21*6

1 18,400 lbs.

6,400 lbs.



124 SURFACE ARRANGEMENTS.

Water evaporated per pound of coal—actual No. i. No. 2.

conditions 8-46 ... 9*85
Rated H.P. (one H.P. = 30 lbs. of water

evaporated from 212 0
at 70 lbs. pressure) 140 ... 140

Temperature of flue gases 700° ... 68o°

“ In trial No. 1 the 27 hours include three stoppages, aggregating 2\ hours, in

which but little steaming could have taken place, so that the figures represent
ordinary working conditions.

“ From the careful manner in which the reports of the various tests of this

boiler have been drawn up, it would appear that great care has been exercised to

arrive at correct and reliable results/'

Vertical Boilers are useful where only a small amount of power is required,
but they are not economical steam producers. There are many varieties of

vertical boilers
;
they are generally fitted with either Galloway tubes or parallel

tubes to improve the water circulation in them and also to facilitate the escape of

steam.

The truest economy results from in the first place obtaining boilers of the
very best construction, and due attention having been paid to their seating,

then giving constant attention to their preservation. It has been suggested
that the working pressure of boilers should be reduced at regular intervals of

time in proportion to their advanced age, and that some limit of age should be
fixed beyond which they should not work at all. There are many objections
to such an arbitrary course of procedure. The great difference in the quality

of material used in the construction, and in the mode of setting a boiler

as well as the subsequent care or neglect, render it impossible to frame
rules which would be applicable to all boiler users without injustice to some.
Boilers no doubt deteriorate with age, but in many instances practices are allowed
to proceed which seriously increase the rate of deterioration and ensure a speedy
destruction of the boiler. Where well constructed, well seated, and tended by
careful and skilful men they have been known to work as long as 30 years at but
trifling costs for repairs.

Again, it has been urged that as a safeguard against explosions, boilers

actually at work should receive at regular intervals a similar hydraulic test

to that applied when new. In some cases it may be beneficial to use the

hydraulic test to a working boiler, as for instance immediately after it has
undergone repairs and before re-starting work. All defects that are visible

should be found by periodical inspection to which undoubtedly boilers should
be subjected, but it is questionable if good results would follow an application

of the hydraulic test used to search for defects which exist but are hidden. Its

effect may be only to increase the defects without detecting them, and con-
sequently the boiler on being set to work again with its weaknesses intensified, is

in a worse state than before, and may have suffered so much from the treatment
as to be unable to stand the usual working pressure and so explode on its being
attained.

Only a good maker using the best materials will ensure the production of a

reliable boiler, designed so as not to have too much rigidity in one place, or too

great elasticity in another. When the fire is first lighted in the furnaces the front

end may be seen to come out as much as f of an inch from its position when
cold. The furnace crowns also rise up as much as \ an inch from the expansion,

and if proper provision has not been made in a Lancashire or Cornish boiler for

the elasticity of the ends, what is known as grooving, channelling
,
furrowing or

guttering round the furnace-tube angle-irons may begin.



GROOVING. 125

Grooving is the eating away of boiler-plates in lines or furrows, and is caused

by the mechanical action proceeding at the point of grooving, assisted by the

chemical action of the feed-water. In the lap-joints (and at the angle-irons)

which are subject to much bending and straining motion, grooving frequently

takes place, the plates being corroded in a line parallel to the joint and just at

the beginning of the lap. The effect of grooving is to weaken the plates, and
frequently to fracture their ends about the rivet-holes.

Expansion and contraction are constantly present in a working boiler, and as

they cannot be controlled, provision must be made in the construction of the

boiler to meet the varying temperatures, or the mechanical action resulting

therefrom may cause fractures.

If Lancashire boilers are seated and protected against radiation of heat in the

manner already suggested it will tend materially to their preservation.

Then the manner in which a boiler is worked and tended, the quality of the

feed-water used, and its treatment, are important factors affecting the durability

of the boiler.

A boiler attendant should be a man of intelligence who knows something of

the construction of that which is placed in his charge. Careless, untrained, and
underpaid attendants ruin good boilers in a variety of ways : for instance, by
neglecting to feed the furnaces, thus allowing the fire-bars to get bare, a passage

being thereby formed through which the cold air passes
;
by driving the furnaces

too much and generating steam rapidly, afterwards opening the furnace doors in

order to prevent blowing-off at the valves
;
by using means when being laid off to

quickly cool the boiler instead of waiting till the brickwork is cool before running
the water out, and allowing time for the boiler to cool gradually; by filling or

partly filling it with cold water immediately after it is emptied
;
and on the boiler

resuming work, by forcing the fires and raising steam more rapidly than should
be attempted from cold water. Intense firing should specially be avoided in

boilers having thick plates.

Care is required in hand-firing boilers, otherwise much smoke is emitted. The
fuel should be introduced frequently and in small quantities which must be
spread thinly and evenly on the front portion of the fire-grate, and at intervals the

hot fuel pushed back. No portion of the grate should at any time be bare so as

to form an air-passage through the fire.

Every boiler should be thoroughly emptied of its contents periodically, say once
a week or once a fortnight according to the water used, and afterwards be filled

by an entirely fresh supply.

All natural water contains more or less of foreign matters and is therefore

never pure. The impurities may be gaseous, mechanical, mineral, or organic

;

one class will predominate in one locality and another elsewhere. The purest
water obtained is rain-water, but even that is charged with the atmospheric gases
oxygen, nitrogen and carbonic anhydride. In 100 parts of water there are about

2 parts of air, but the amount varies slightly. Next to rain-water in point of

purity is that which flows over soil which is not easily absorbed, or which receives

no other soluble matters than those washed down by the rains, such as that of

mountain torrents, and rock-protected lakes.

Gaseous impurities in waters result from the strata through which they flow.

Part of the rain which falls upon the surface of the earth is evaporated again into

the air, another portion finds its way directly to the surface streams, whilst the

remainder sinks into the earth’s crust, to afterwards issue at the surface in the
form of springs. Where the course taken by the water in following the natural
fissures is tortuous and long, it may pass through rocks of varying character
and composition. All waters have great capacity of absorption, and in con-
sequence of flowing through strata favourable to it, they become charged with
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large quantities of gases
;

as for instance, in the waters of Bath, Harrogate,
Llandrindod, &c.

Mechanical impurities are those mixed with and suspended in the water arising

from its passage through or over the earth. They consist of soil, chalk, sand,

silica, &c., which are insoluble in water and therefore incapable of absorption.

They not only affect the purity of the water, but also its nature, making it either

hard or soft.

Mineral, or chemical impurities in waters result from their passage through or

over the earth, and are those most commonly found. They consist of carbonate

of lime, carbonate of magnesia, potash, soda, sulphate of soda, alumina, in

varying proportions, according to the nature of the soil. Water impregnated
with iron is said to be chalybeate. The presence of the salts of lime and
magnesia renders water hard.

Organic impurities in water arise from animal and vegetable organisms, either

living or dead.

Glasgow is partly supplied with water from Loch Katrine which in point of

purity compares favourably with that of any city in the world, while the water

supplied to London is obtained from the river Thames and contains nine times

as many impurities as that from Loch Katrine. The water used for domestic
purposes in the town of Pontypridd is for the most part derived from a mountain
torrent, and shows on analysis about double the impurities of the Loch Katrine

water.

The water available for boilers should be first submitted to careful analysis

by a competent chemist, and if found to be of good quality, it may require no
treatment, except a little soda or other alkali occasionally

;
but if pronounced

impurities exist, efforts must be directed to neutralise their effect, and these must
be guided by the analysis.

The effect of supplying boilers with water containing only mechanical impurities is

to have a deposit of mud formed in the boiler, and although this is not so objection-

able as an incrustation, the water should not be allowed to enter the boiler, unless

some means are afterwards taken to remove it before the sediment forms a deposit.

Where no provision is made to purify water of this description either before or

after it enters the boiler, it necessitates frequent blowing off and cleaning. If no
other impurities are present in it, the water may be greatly improved by being

filtered before it enters the boiler, as water percolating through sand is divested of

much of its mechanical impurities.

Waters which have mineral impurities require certain chemicals added to them
to change their character, and as far as possible prevent them from forming

deposits within the boiler, and from wasting the plates by internal corrosion. The
amount of cleaning necessary in the boiler will depend on the success of the

chemical treatment.

An incrustation formed in the boiler interposes a bad conductor of heat between
one side of the boiler plates and the water at a point where the other side of the

plates is exposed to the fire, and so predisposes to explosion.

Soda or almost any other alkali may be used in water which contains sulphate

of lime, which will then be converted into a carbonate and form a soft scale which
may be easily removed.
Some benefit is derived, where impure water is used, by frequent blowing off

and so getting rid of matter which if allowed to remain, would form into scale.

This method is wasteful as compared with purifying previous to heating the water.

Carbonate and sulphate of lime and carbonate of magnesia form the larger

part of ordinary scale found in steam boilers.

The salts of lime and magnesia in the form of carbonates are easily dissolved

in water which contains carbonic anhydride. In water raised to the temperature

of 2i2° F. carbonic anhydride is driven off, and the maintenance of the same or
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an increased temperature is followed by the salts being deposited on the interior
of the vessel in which the experiment is conducted. In steam boilers the result
of such a deposit is to form scale.

If a similar experiment be tried with water which contains sulphates of lime or
magnesia, it will be found that the salts will not be deposited on the water reachin
a temperature of 212 0

F., and it is not until the temperature has increased to 300
F. that the water loses its power of holding the sulphates in solution, after which

I
Fig. 124.—The Hotchkiss Boiler Cleaner.

they are precipitated on to the surface of the vessel as were the carbonates at a lower
temperature. A pressure of about 55 lbs. corresponds with a temperature of
300° F., so that any boiler working at that pressure is liable to have scale formed
on the plates if the feed water contains the carbonates or sulphates of lime or
magnesia.
A number of anti-incrustation compounds are manufactured for the purpose of

preventing the water impurities forming into a scale on the boiler whilst the com-
positions do not themselves injure the plates. The addition of a compound
to act chemically after the water is in the boiler, no doubt in some instances
renders the deposit formed in the boiler softer and therefore easier removed, but
to be effectual the composition must contain elements, specially arranged to com-

fcro
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bine with the impurities in that water wherein it is placed. It is impossible there-

fore for any one composition to eliminate all kinds of impurities from water.

Elaborate and more costly methods of purifying water—such as the “ Porter

Clark,” the “Stanhope Water Purifier,” &c.—maybe adopted for removing the

salts of lime and magnesia from the water before it is passed into the boilers.

Where the feed-water is of a muddy description the Hotchkiss Boiler Cleaner,

Fig. 124, as described by Mr. Horatio Nelson, 90, Worship Street, e.c., is said to

be very effectual in removing scum and the floating deposits in the water.

In Fig. 124 the double dotted line AA is the top of boiler shell, which usually is

found to be the most convenient position to place the reservoir. The reservoir is

connected with the funnel C by the up-flow pipe D, and to a lower part of the

water in the boiler by the return pipe E. Through these pipes and the reservoir

a circulation is established which flows in the direction shown by the[arrows. The
funnel C is set within the boiler on the low-water line, as indicated by the dotted

line 00 . G is a diaphragm in the reservoir to divert the flow of water therein.

F is the blow-off pipe, for removing the deposits B from the reservoir. HH are

two valves, used to shut off reservoir from boiler if required. Angle valves, as

shown, are generally used to simplify the connections. I is a valve on blow-off

pipe F. K is a socket nipple, secured by thumb-screw. M and N are nipples,

each with half-union to complete the connection.

This cleaner is automatic and, from natural causes, certain in its action.

The manner in which the “cleaner” acts in removing sediments from, and
preventing scale formation, in steam boilers, is as follows

:

As soon as the water in a steam boiler becomes heated, currents are established

;

these currents are formed by the hotter, and therefore lighter, water flowing upward
and away from the source of the greatest heat, while the colder, more dense
water flows to the source of heat, to replace the other, and in its turn becomes
heated.

In all boilers where fire is applied at one end, the currents established will be

upward and from the fire on the surface, and downwards and towards the fire in

the lower part of the boiler.

In a boiler with the cleaner attached, the funnel C is set near the surface of the

water, but partly submerged, and in such position that its opening will intercept

the currents of hot water flowing towards it.

By the syphon action of the apparatus the hot surface water containing any
floating matter that enters the funnel is caused to pass through the up-flow pipe D
into the reservoir, thereby displacing the cooler water therein, which flows back to

the boiler through the return pipe E, which terminates at a lower level than the

funnel.

By this means, so long as firing is kept up, a constant circulation is maintained

and all the water in the boiler is caused to pass through the reservoir. The
water while in the reservoir is comparatively quiet, and entirely free from the

agitating currents within the boiler, and while in this quiescent state the contained

sedimentary matter B is precipitated, and remains in the reservoir, from which it

can be blown as often as necessary by the pipe F.

The action of this apparatus creates a current in the boiler, thus utilizing the

usual cold strata of water lying under the flues, and which is useless for creating

steam.

Every one familiar with steam boilers is aware that deposits and incrustations

seek naturally the quietest part of a boiler. The office of the Hotchkiss
Mechanical Boiler Cleaner is, therefore, simply to provide a place for their

accumulation, outside of the boiler itself, and removed from heat and its agitating

effects
;
from whence they can be readily removed as fast as they accumulate,

instead of shutting down the boiler to clean them out by hand, or by blowing
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down the boiler in the ordinary way, thus losing a large amount of water already

heated to the steaming point, which is wasteful as to fuel, and also a great loss of

time.

It is not claimed for the “ Hotchkiss Mechanical Boiler Cleaner ” that it will

remove scale bodily from the boilers when the scale is already formed, but it is

claimed for it, and guaranteed that it will prevent the formation of new scale by
removing all the floating deposits and mineral salts, which become scale if not

C.M.H. K
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removed from the water before they have had time to adhere to the heating

surfaces.

By preventing the formation of new scale, the old, by expansion and contraction

of the heating surfaces, soon becomes loose and readily detached.

A simple means of purifying the feed water before it enters the boiler is

by Seale’s Patent Water Purifier, shown at Figs. 125-128, as applied to a
Lancashire boiler. Fig. 125 is a front elevation, Fig. 126 a sectional elevation,

Fig. 128 a sectional plan, and Fig. 127 a detail view, showing the mode of carrying

the pipe.

The feed water enters through the fee4 valve at the front end, and traverses a

length of about 50 feet of 2-inch piping, arranged in the form of a horseshoe.

This pipe is enclosed within a larger one of about 8 inches in diameter, suspended
near the working level of the water, shown in Fig. 126. The 2-inch pipe

terminates slightly before the 8-inch pipe, and the feed water passes through the

smaller pipe, and returns through the annular space between the two pipes along

its former course to near its starting point, where, as shown by the arrows, it is

discharged through slots into the boiler. By this means the feed water becomes
heated practically to the same temperature as the water in the boiler before it

mixes with the latter. In its course through the pipes, as it reaches 212 0
F.,

carbonic acid will be driven from the water, and the carbonates of lime and
magnesia be liberated. When a temperature of 300° F. is attained, the sulphates

will also be liberated. The water is reckoned to reach this temperature just after

it emerges from the open end of the internal pipe
;
and as the outer pipe is larger

the velocity of flow is correspondingly reduced, so that the annular space between
the two pipes acts as a settling tank, in which the particles of lime and magnesia
are deposited, along with any other impurity the water may contain, as the water

slowly travels to its exit.

The removal of the accumulated deposit is effected by means of a blow-off tap

in front of the boiler, as shown on the drawings. This is used at intervals,

the interior of the apparatus scoured, and the deposit thus prevented turning to a

hard scale. The apparatus can be applied to any existing boiler.

Boilers, for their proper preservation, should be placed under the periodical

inspection of experts. An experienced inspector, skilled in the detection

of the defects to which boilers of different types are liable, may detect

early signs of deterioration, before an ordinary engineer would note anything

amiss. These defects may then easily be remedied before much harm is done,

and at a trifling cost. Any alterations that may from time to time become
necessary or advisable, from the advancing age of boilers, such as a diminished

working steam pressure, or unfitness for further work, will be reported by the

expert.

Boilers are subject to explosion from a variety of causes. Defective material

is a frequent cause. There may not be the necessary ductility or tensile strength

in the plates, or the plates may have blisters in them.
Boiler plates whether of iron or steel are liable to blisters which are formed

during the process of manufacture, but they proceed from different causes.

Those in the iron plates arise from pieces of slag or cinder getting between the

layers whilst the manufacture proceeds. The slag is hammered and rolled

with the iron, each process it goes through enlarging the superficial area

over which it extends. Blisters weaken the plate, the weakening effect being

greatest where the blister is thickest. They have been observed as large as

2 feet in diameter, and may be any smaller size. Where the piece of slag is
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very small, its effect may only be to cause a lamination in the plate, but where of

serious size the blister may attain a thickness of J of an inch.

In manufacturing steel plates, all slag rises to the top of the ingot when the

metal is in a molten state, the end afterwards being rough and uneven. The
after treatment of the ingot consists in hammering and rolling, and results in

intensifying the irregularity of the one end. Neglect to cut off this end and
separate it from the rest, results in lamination in those plates made from the top

end of the ingot. The lamination may not be suspected unless attention be
called to it by cutting testing strips from it, or unless the plates require flanging

in the boiler-shops. If the latter operation is resorted to the lamination is at once
apparent, as there is then some difference in the position of the ends of the two
pieces caused by the bending, as shown in Fig. 129, but the two portions of

plates will always be in close contact with each other.

A defective safety-valve may cause an explosion
;
the valve may be overloaded,

or out of order, or may stick in its seat.

Surcharged steam is another. This occurs when the water gets below the

level of the flues, or where the flame by any means heats the brickwork above the

water line causing a great addition to the temperature
of the steam with little alteration of the indicated

pressure.

Explosions have occurred where, while cleaning the

boiler, wooden plugs have been driven into the branch,

at the top of the boiler, common to both the stop-valve

and the only safety-valve on the boiler. The plug has

been driven in to prevent the entry of steam from other

boilers of a range into the one requiring cleaning

through a leaky stop-valve, and on re-starting the boiler,

the plug has, through forgetfulness, not been removed.
Consequently, as the steam is raised in the boiler and has no means of escape,

on attaining sufficient pressure it bursts the boiler.

To guard against such occurrences, safety valve mountings should invariably

be connected with separate and independent branches, and to guard against

one being out of order, two should be placed on a boiler.

Accumulation of deposit is another possible cause of explosion. The
impurity of the feed water produces this as already explained. The mineral

salts in solution cannot pass away with the steam, and the water becomes so

saturated that it deposits a portion as a crust on the inner surface. This deposit

often takes the form of a hard scale and becomes firmly attached to the boiler

plates. Owing to unequal expansion this scale may get separated from the plates,

and the water then rushing in between them generates a considerable charge of

highly elastic steam, which may result in an explosion.

Continual wear and tear may cause an explosion where boilers, too small for

their work, are subjected to excessive firing resulting in injury to the plates. In

time the boiler may be so weakened as to explode at the ordinary working
pressure.

Deficiency of water is another cause of explosions. This may be brought
about by negligence, or by relying on a single water-gauge which has got out of

order.

However correctly a boiler may be seated, deficiency of water in the boiler

causes the plates at the top of the side-flues, in Cornish and Lancashire boilers, to

be exposed to the direct action of the fire, resulting in damage to the plates from
the overheating and in the generation of steam at such pressure as may burst the

boiler.

Fracture of plates and angle-irons produced by unequal expansion and con-
traction, causes explosions.

Fig. 129.—Laminated
Steel Boiler Plate.

K 2
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Corrosion, either internally from the impurity of the water supplied, or from
the grease and oil sent into the boiler with feed-water which has been heated by
exhaust-steam, or externally from leakages at the joints, may cause explosions,

or the external corrosion may result from contact with damp brickwork at the

seatings or elsewhere. The effect of corrosion is a wasting away of the plates,

which become weaker and weaker as the corrosion continues. Internal corrosion

follows no defined law. It may cause clear and well-defined pit-holes, or honey-

combing more or less close in appearance, or a large extent of plate surface may
be so evenly wasted as to defy detection unless the plates be drilled. Instances

are recorded where corrosion has reduced the plates over the seating-walls to

of an inch thick, and even less; if boilers, on examination, are found with

such thin plates, it is easily seen how little force is necessary to rupture them.

Grooving, which has already been described, causes explosions.

Many boilers have doubtless exploded from old age.

Old second-hand boilers, bought cheap, which may have lain about and
become rusted, are erected—very soon to prove an expensive bargain.

Badly-designed and ill-constructed boilers, even when made of good materials,

cause explosions.

Collapsed flues frequently result from faulty construction, and explosions may
follow from improperly fixed water-gauges or cocks, their position being too high

or too low on the boiler.

The abuse which some boilers are subjected to when undergoing repairs may
result in their explosion on being again set to work. A thoroughly well-designed

and constructed boiler may be placed, for instance, in careless or ignorant hands
for repair, or in those of a practical working boiler-maker whose practice is

limited to making tight joints, he being unable to calculate the sizes of material

necessary to resist strains or pressures. Again, in removing Galloway tubes

from Galloway boilers, blank flanges are substituted instead of making some
provision to replace the sustaining strength to the flue of which it was robbed,
the result being a collapsed flue on re-starting. The various kinds of expansion-
rings in the furnace-tubes get removed for repairs, and are replaced by flat belts

which do not allow expansion and contraction to proceed. The gusset stays get

removed from the flat ends of boilers so as to enable a leakage to be stopped,

and nothing to compensate for the diminished strength is provided. A leaky

plate in the shell may be removed, and one considerably thinner used in the

repair, tending thereby to produce an explosion.

Injury to workmen engaged in cleaning boilers has often resulted from such
dangerous practices as the following. To prevent annoyance from leaky

stop-valves, whilst in the boilers, wooden plugs are sometimes driven into the

holes of stop-valves, which are afterwards blown out and the attendant scalded
to death. Again, with a group of boilers where the blow-off cocks are all

connected with a common discharge-pipe, workmen have been known to open
the blow-off cock of one boiler, whilst others were engaged cleaning the inside of

the adjoining boiler; the consequence being that the steam and water passed
from the one boiler to the other, scalding the men within it. No attempt should
be made to plug holes during the cleaning of boilers, and some arrangement
must be made whereby the water cannot be run from one boiler to another*

through the blow-off cocks.

Before cleaning, the boiler should always, where circumstances permit, be
allowed to cool gradually. This may prevent accident, and also prevent the
scum from adhering and baking to the plates, which frequently happens from
blowing-off hot. In case it is impossible to allow time for gradual cooling, after

the. water. has been run out, before breaking any joint about the boiler or removing
the manhole cover, it should be carefully ascertained that all. pressure has sub-

1
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sided. The pressure-gauge should be consulted, the safety-valve lifted, and the

gauge-taps opened.

An economical method of warming the surface-buildings about a colliery is by

means of steam-pipes laid from the boilers through the buildings. The amount
of steam passing may be regulated by a cock. The steam should not be used

for any other purpose, such as driving an engine, for the passage of the steam

through the buildings in the summer months would make the buildings unbear-

ably hot. Where it can be applied it saves a considerable amount of trouble in

attention to fires, grates, &c.

A few rules relating to boilers will now be given.

The material for boiler-plates, rivets or stays, should have a tensile strength

of at least 20 tons per square inch for boilers intended to be worked at ordinary

pressures up to 60 lbs., but should have more for higher pressures.

Rule to find the Load on a Safety- Valve ,

Whole weight on valve
. , , , , , . .

jya x -7854
= Pressure Per s

fl
uare mch, and t"e whole weight =

the weight of the ball x the leverage, or the ratio of the length between the

fulcrum and the valve, to the whole length of the lever. Therefore to graduate a

, . , . , ,
area of valve x pressure

. , . .

lever for any desired pressure we have
"leverage

— = required weight

of ball, and consequently for any lower pressure with the same ball the leverage

will be
area of valve x pressure

weight of ball.
For strict accuracy the weight of the lever also

requires to be taken into account, that is, its whole weight acting at half its

length and reckoned as part of the ball.

. . Rule to fix the Area of the Valve.

Area of valve in inches = weight of water evaporated per hourx'005. Two
valves each having half the area given by the rule are preferable to one large

one.

The weight of steam in lbs. discharged per square inch of opening per hour
through the safety-valve is :—Absolute pressure x 50.

A Lancashire boiler evaporates, as a maximum, about 200 lbs. of water per

hour per square foot of grate
;
and a Cornish boiler, in which the ratio of heating

suriace to grate surface is less, a maximum evaporation of 150 lbs. per square

foot of grate per hoar. A Cornish boiler with a 3 feet 6 inch internal flue and
a fire-grate 6 feet long would have 21 square feet of grate; a Lancashire boiler

with the same length of grate, but with two 2 feet 9 inch internal flues, would
have 33 square feet of grate.

Molesworth gives the following- rules for land boilers.

For each nominal horse-power a- boiler requires,

1 cubic foot of water per hour.

1 square yard of heating surface.

1 square foot of- fire-grate surface.

1 cube yard capacity.

28 square inches flue area; 18 inches over bridge.

For cylindrical double-flued boilers an approximate rule is,
— — x —er

=. nominal horse-power.
0
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G
H.P.
h

H.P.

h

G

Rules for Heating and Grate Surfaces.

Fire-grate surface in square feet.

Number of nominal horse-power.

Heating surface in square yards.

h G.

H.P.3

G
H.P.2

h

The maximum safe working pressure for well-made boiler shells may be found
by the following rules :

—

Iron.

Single riveted
12,500 x t

P = d~~

t - pjlA
12,500

12,500 X /

^ , , . , 15,600 X t
Double riveted p — ^

p x d
t ~

15,600

15,600 x t

~p

where p = the pressure of steam in the boiler, t the thickness of plate in inches,

and d the diameter of the shell in inches. For exceptionally riveted joints it will

be better to take 5 tons as the working strength of the plate, and then by refer-

ence to the table given, the proportion of strength of joint to the solid plate can

be calculated.

A steel boiler may be worked up to |th higher pressure than an iron boiler,

and the following rules will apply for

—

Single riveted

Double riveted

Steel.

15,000 x t

p =—

—

. _
15,000

15,000 X td=—T~
18,750 X t

p =—1
—

/ _
18,750

, 18,750 X /

p

Frequently the tensile strength of good boiler plates of iron is taken at 21 tons

per square inch of section, and the working pressure of a boiler ascertained by
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assuming a factor of safety of 6. By some it is considered that the factor of

safety should not be much higher than 4 ;
that 6 is too high and does not agree

with the practice of the Insurance Companies, whilst the above rules do. The
pressures must however be regarded as a maximum, not to be exceeded.

Suppose it is required to find the thickness of iron plate necessary for a

Lancashire boiler 7 feet 6 inches diameter which is required to work at a pressure

of 70 lbs. per square inch. The longitudinal seams are to be lap joints double

riveted.

70 x 00 ...
Here t ——- -

7 - = -41 0f an inch.
15,000

If the tensile strength be taken at 21 tons, 21 x 2,240 = 47,040 lbs., and a

reference to the table shows the joint to have 69 per cent, of the solid plate if the

holes have been punched .*. the tensile strength of the joint is 47,040 lbs. x ’69

= 32,457*6 lbs. per square inch.

Taking the factor of safety of 6, the bursting pressure must be 70 x 6 =
420 lbs. per square inch.

Then / = p x d

2x32,457*6
= *58 of an inch.

64 ,9 X 5 2 3

A simple approximate rule for ascertaining the strength of a well-made boiler

is to remember that for a 7 feet double riveted shell of wrought iron, each inch

plate thickness, is equivalent to 10 lbs. pressure fully. Thus, for a inch

plate we get 70 lbs. boiler. For other diameters and other materials make due
allowances.

To determine the number of boilers required at a colliery, allow one 7 feet

6 inches diameter 28 feet long Lancashire boiler for every 200 horse-power
exerted by the engines, and then add an extra boiler to the range to permit of one
being laid off for repair.

A boiler of 20 horse-power is usually 15 feet long and 6 feet wide, therefore

90 feet of surface or 4^ feet to 1 horse-power
;
a boiler of 14 horse-power 60 feet

of surface or 4*3 feet to 1 horse-power, but engineers allow 5 feet of surface to

1 horse-power.

The steam pipes must be suitable in size to the cylinders of the engine they

supply with steam. The proper way to determine their size is by considering the

velocity of the steam through them. Mr. Tredgold says, the force of steam in

the boiler multiplied by the velocity and the area of the passage must be equal to

the elastic force on the piston multiplied by its area and velocity. That is

a.f v. = A V p.

area of the steam passages.

the force of steam in the boiler in inches of mercury,
the velocity of steam through the pipes,

the force of the piston in the same denomination asf.
the area of the piston,

the velocity of the piston.

A V p

Aj/p
f . V

'

The pressure of the steam in the boilers exceeds the pressure in the cylinders

in a ratio which varies from iT
*

T to double in different engines, and for general

where a =
/ =
v =
P =
A =
V =

.*. v =

or a =
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calculations is taken at i| times. Thus a boiler pressure of 60 lbs. would be
equal to 40 lbs. pressure in the cylinders, the difference being employed to over-

come the resistance of the steam pipes, valve ports, &c.

The size of the steam pipe should be such that the velocity of the steam flowing

through it shall not exceed 100 feet per second.

Molesworth gives the following as the average evaporative power of fuel :

—

1 lb. of coke evaporates 9 lbs. of water.*

i )y >5 coal
,, 9 >) v >>

1 » }> coal (slack) ,, 4 >> n
Stationary expansive condensing engines use from 4 to 7 lbs. of coal per

indicated horse-power per hour. Compound engines, if to 3 lbs.

As supplementary to the foregoing, a few questions and answers relating to

boilers will now be given.

Question 26.-—Describe fully separators and steam-traps and their use.

Separators are arrangements for draining the water out of long ranges of steam-

pipes, which is formed there either by “ priming,” that is carried from the boiler

with the steam into the pipes, or by condensation. The under part of the

separator is below the level of the steam-pipes, and it is formed so that the

water and steam, in passing from the steam-pipes into the separator, are effectually

separated there, hence the name. The water is precipitated to the bottom of the

vessel called the separator, whilst the steam is made to pass upward round a

deflector and enters the steam pipe on the other side quite dry.

A steam trap is an appliance for automatically freeing from condensed water

all steam passages and pipes in which such water may have accumulated. This
water, when allowed to remain in, occasions considerable leakage and damage,
as well as wear and oxidation arising from the water which remains in the

passages while the engine is standing. It is sometimes applied direct to the

lowest level of the steam pipes so that all water may flow to it
;

in other forms it

is attached to the separator, which it automatically frees of the water accumulated
there. There are many different steam traps before the public. The following

sketch, Fig. 130, and description of MM. Geneste and Hercher’s Self-acting

Steam Trap, are taken from the Colliery Guardian of April 1 6th, 1875.

Two cylinders, C and D, of the same weight, but of different densities, are

arranged at the two ends of a rod which is free to oscillate on a shaft at right

angles to it. This shaft carries a toothed pinion which gears with a rack, at the

end of which is fixed a slide valve, E, serving to open an escape orifice, B. If

the apparatus is connected by means of the pipe, A, to the steam pipe which it

is intended to keep clear of water, the water and the steam enter this first-men-

tioned pipe. As the two cylinders in equilibrium are of the same weight but of

different densities, it is evident that their volumes differ in inverse proportion to

their densities
;
the result is that the condensed water, which will be accumulated

in the lower portion of the trap, will in time rise to one or both of the cylinders
;

the volumes of water displaced being different, the equilibrium will be disturbed,

and the oscillation which will result will bring about the opening of the slide-

valve, E. The water will thus be at liberty to flow away, and it is easy to conceive

that the slide valve will be opened in proportion to the quantity of water to be
ejected. It is claimed for this trap that it is applicable for removing water in

passages for compressed air.

Tangye’s Self-acting Steam Trap and Separator, which, correctly speaking,

is a condensed-steam trap, is an automatic apparatus for separating and after-

wards discharging the water resulting from the condensation of steam in pipes,

Feed -water supplied at 212*' F.
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steam chests, receivers, drying apparatus, &c. It is made by the well-known

firm of engineers, Messrs. Tangyes, Limited, of Birmingham.
As will be seen by Fig. 1 31, it is exceedingly simple in construction, having few

working parts, and therefore not liable to get out of order, and can be easily

applied by fixing in a line of pipes to which it is joined at the branches cast with

the top vessel of separator.

The separator consists of a cast-iron cylinder with a perforated bottom, and
divided vertically into two chambers by a partition, and provided with a cover at

the top, in which is fixed a small valve, opening inwards, by which air is

discharged when first turning on the steam, or to admit air when the steam
is turned off. By means of the partition, the steam and water from the pipes are

made to pass from one chamber down through the perforations when the water

falling is trapped, while the lighter steam, rising through the holes into the

opposite chamber, proceeds onwards freed from water.

The bottom casing in which the water is trapped, and from which it is afterwards

expelled, consists of a cast-iron cylinder, having a solid bottom, to the top of which

is bolted the separator—a small iron cistern cast of such a thickness that it will

float in water by displacement, and a bent pipe secured to an outlet at the side of

casing, and extending therefrom over the side and down the centre, nearly to the

bottom, of the cistern, and terminating with a brass nozzle, having a flat valve face

at its extremity. The cistern is provided with a small brass disc valve, which is

rounded on its underside, so that it shall readily adjust itself to the seat on the

nozzle, and is kept in position by a guard.

The action is as follows :—Suppose the casing with cistern to be filled with

water, the cistern with its valve will immediately sink to the bottom of casing by
the force of gravity, and thus open communication with the atmosphere, through
the bent pipe, where the steam pressing on the surface of the water will discharge
the cistern of so much of its contents until the weight of the remainder, together

with that of the cistern, are overbalanced by the surrounding water.

The cistern will then "rise, carrying with it the small valve, and thus close the

passage through the bent pipe, and remain in that position until the accumulation
of water from condensation again fills the cistern, when the operation will be
repeated.
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Recently, Mr. John J. Royle, of Manchester, has devised a steam trap by
means of which the condensed water may be returned automatically to the boiler.

It is shown at Fig. 132. A is a steam chest on the top of the receiver B, having

a three-port slide valve C—of which the port D communicates with the receiver B
—the port E communicates, through a pipe not shown, with the drip box, not

shown, and the port H with the atmosphere. The slide valve C is actuated by

pistons I and J, working in open-ended cylinders affixed at each end of the steam

chest A, as illustrated. The closed ends of the cylinder communicate, the one

through the bent pipe with the inside of the receiver B through a valve actuated

by the float M, and the other through a pipe communicating with the drip box
through a valve also actuated by a float.

The fixing of the apparatus will be readily understood from Fig. 132, where

the receiver B is shown fixed above, and arranged to feed back the condensed

water to the boiler coming from a system of heating pipes and coils all draining

into the drip box situated considerably below
the boiler. Steam at the full boiler pressure

is supplied through a pipe to the steam chest

A, and entering through the open port D presses

upon the water S shown in the receiver B, and
establishes an equilibrium between the boiler

and the receiver, allowing the water to gravi-

tate through check valve T and pipe con-

tinued from it to the boiler. Meanwhile the

condensed water from the heating pipes, &c.,

has been entering the drip box through a

check valve, and as soon as the water in the

drip box reaches the ball of float and lifts

the valve connected with it, the equilibrium

of the pistons I and J is destroyed and the

slide-valve C caused to travel to the right, so

reversing the position of the ports, admitting

steam at boiler pressure through the pipe lead-

ing into the drip box, and allowing the steam
contained in the receiver B to exhaust. The
condensed water in the drip box is by this

means forced up another pipe and through

check valve X into the receiver B, until, as soon as it in turn reaches the float

M, the slide-valve C is automatically moved to the left into its former position,

so admitting full steam pressure on to the water S and feeding it to the boiler

as before described.

Meanwhile the condensed water accumulates in the drip box, and as soon

as it again lifts the ball of float there, the same action is repeated, and so on
continuously.

The special features claimed for this steam trap are :— 1. It will automatically

elevate boiling water from any distance below the boiler, and feed it into the

boiler against any pressure, without requiring any back pressure on the drip

pipes—a feature unique, and possessed by no other return trap. 2. Heating
pipes can therefore be worked at any steam pressure, and at any distance above

or below the boiler. 3. As a boiler feeder this apparatus possesses special

advantages for feeding boiling water lying either above or below the boiler

level, and which would be impossible to feed back to the boiler by other

means.

In the “ Expandisc ” Steam Trap shown in Figs. 133 and 134; 133 is an
exterior view, while 134 is a sectional one. In it advantage is taken of the

Fig. 132.—Royle’s Automatic
Return Steam-trap.
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quality which certain alloys of metal possess of expansion and contraction under
varying temperatures.

The steam trap consists of a cast-iron cylindrical casing— 17^ inches high
and 10 inches diameter at the base—in the centre of which is a brass valve
spindle, carrying four circular valve discs, all cast in one piece from a specially
expansive alloy. The casing is bored out conically and the discs are turned
conically. They can be raised and lowered by means of a hand wheel and
screw working in a bush screwed inside and outside.
The air and condensed water enter the steam trap at the top. Their tempera-

ture being lower than that of steam causes the conical discs to contract. This
contraction leaves an annular space between the circumference of the discs and
the interior surface of the casing, sufficient for the outflow of the water. When
there is no more air or water the steam comes in contact with the discs, expands
them and thus closes the annular space, thereby preventing the steam from
escaping. As soon as water again accumulates in the trap, the contraction of
the discs takes place, the water escapes, and the incoming steam raises the
temperature, expands the discs and closes the trap.

These expansions and contractions alternate automatically, according as steam

I 33* Fig. 134 .

The Expandisc Steam-trap.

or water is present, and the efficiency of the steam trap is based on the power
which the special alloy has of expanding and contracting.
The desired position of the discs is attained by screwing up the bottom bush

by means of the key furnished with each trap. This position is easily regulated
according to the outflow. The discs must be raised until only water flows, and
when once regulated no further adjustment is required.
The valve spindle and discs are lowered by means of the screw and hand-

wheel. The steam is allowed to escape for one or two minutes through the
annular passage thus formed, and sweeps away any impurities which may have
settled on the interior of the casing or on the discs'. The valve spindle is then
raised to its former adjusted position.

Extreme height 17^ inches. Inlet i~ inches diameter.
Diameter at base ... 10 inches. Outlet ... f inch diameter.
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Question 27.—What are feed-water heaters and economisers?

A feed-water heater is simply an appliance for heating the feed water by means
of exhaust steam, before passing into the boiler. There is manifestly an advantage
in sending the teed water to the boilers hot, and at collieries ihere is usually much
exhaust steam that may be utilised for the purpose. In its simplest form the feed-

water heater consists of an old boiler, into which the exhaust is conveyed below,

and the feed water is conveyed above. The exhaust steam is condensed on coming
into contact with the cold water, and the temperature of the feed water is thereby

raised. This is then conveyed to the boilers by another pipe. This plan

frequently requires the use of two pumps, one for the hot and one for the cold

water, and whatever impurities come from the cylinders go into the boiler and
from the boiler into the cylinder again. By the use of Berryman’s feed-water

heater, or others of that description, the evil of passing the grease and dirt from the

cylinders into the boiler is avoided. The exhaust steam enters the heater and
passes through a number of brass and copper tubes, which are surrounded by the

cold feed which enters the heater at another point. The passage of the steam
through the tubes raises the temperature of the feed water, which is con-

veyed by a pipe from the heater for the purpose to the boilers. The exhaust

steam does not mix with the feed water, but passes out of the heater by a proper

outlet. Only one pump is required for the cold water, or an injector maybe used.

The Berryman heater is also used as an interheater where compound engines are

working. It may be fixed at any convenient distance from the cylinders in or

outside the engine-room. The exhaust steam is passed through the inside of the

tubes in the interheater and thence into the steam chest of the low pressure

cylinder. The objection to these heaters are their tubes and complications which
are liable to get out of order, and probably the best feed-water heater is the

exhaust injector, which has been fully described. In it there are no tubes to get

out of order
;

it requires no pump, is simple in construction, and effectually heats

the feed water being conveyed to the boilers. An economiser is somewhat
similar to a feed-water heater, but in it the water is heated by the hot gases which
issue from the boiler flues. These gases pass through the tubes similarly to the

exhaust steam in the feed-water heater.

Question 28.—Besides the ordinary lever safety valve, describe any other

safety arrangements that have been devised for boilers.

Cowburn’s dead-weighted safety valves are stated to be much more efficient

than the ordinary lever valve. They are made singly or in groups. Each valve

in a group is exactly one square inch area and the heap of weights is just the

intended pressure in pounds. These weights keep the valve in its seat until the

steam attains a certain pressure, when the steam lilts the valve and escapes through

the opening at the top of the weights.

Johnston’s patent self-acting alarm whistle guards against accidents from
deficiency of water in the boiler. A hollow cast-iron float is made sufficiently

heavy that on falling with the water in the boiler it opens an orifice through

which the steam rushes, thereby causing the alarm whistle at the top to be sounded.

The apparatus is free of all stuffing boxes, glands, cocks, or any complicated con-

trivances. As long as there is sufficient water in the boiler, the alarm valve is kept

close against its seat by the float.

Smith’s steam sentinel is an invention to prevent over-pressure in steam boilers,

and is a check on the safety valve, because it gives a distinct and unmistakable

warning immediately the maximum pressure is exceeded. Its construction is

simple. A conical valve stops a hole in the boiler, and is kept down by a spring
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carefully adjusted to resist the pressure of the steam up to a certain point. As
soon as this pressure is exceeded, the valve is liberated by the compression of

the spring, and a communication is opened for the steam into a whistle of the

ordinary form, which gives a loud warning of approaching danger.

Question 29.—In a lever safety valve, the whole length of the lever is

32 inches, the distance between the fulcrum and the valve 4 inches, the

diameter of the valve 2J inches, required what weight must be put on at

the end of the lever so as to have a pressure of 50 lbs. per square inch upon
the valve

;
also to divide the lever so as to have 40, 30, and 20 lbs. upon

the valve with the same weight ?

The area of the valve will be 2*5 2 x 7854 = 4
-

9.
<2 2 4.*Q X CO

The leverage will be-A_ = 8, so for a 50-lb. pressure we have -—=
4 O

30§ lbs. as the weight to be put on the end of the lever to give 50 lbs. per square

inch. And ^-9 -—.— = 6*4: and 6*4 x 4 = 25*6 inches, the distance from
3°i

the fulcrum at which the weight must be put to have a pressure on the valve of

40 lbs. Similarly i- 9—x
r
iP = 4*8 and 4*8 x 4 = iq’ 2 inches, the distance

3°t
from the fulcrum at which the weight must be put to have a pressure on the valve

of 30 lbs. Again, 4 9 x
5

20 = 3'2 and 3*2 x 4 = 12*8 inches, the distance from
3°r

the fulcrum the weight must be put to have a pressure on the valve of 20 lbs.

The weight, it will be thus seen, must be moved towards the fulcrum (32— 2 5 *6)

64 inches for every 10 lbs. taken off the pressure on the valve.

Question 30.—What is the pressure per square inch in a boiler, the whole
length of the lever being 32 inches, the distance between the fulcrum and
valve 4 inches, the diameter of the valve being z\ inches, a weight of

30! lbs. being placed at the end of the lever ?

32
Here we have — = 8 for the leverage, therefore the whole weight on the valve

4
245

is 30! x 8 = 245 lbs., and
x -7854

=
5° ^s * as Pressure Per square

inch in the boiler.

Question 31.—If the safety valve is 4J inches in diameter, and the lever is

38 inches long to the centre of the weight, and 4! inches from the fulcrum
to the centre of the valve, and the weight is 85 lbs., what is the pressure
per square inch ?

1

R

The leverage is = 8*4, and 8*4
42

x 85 = 718 lbs. nearly. The area of the

valve would be 475s x 7854 = 1772 square inches,

lbs. per square inch.

Therefore
7i8

1772
= 40J

Question 32.—A steam gauge shows 20 lbs. on its face, what does this

mean ?

As already explained, that the pressure of the steam inside the boiler is 20 lbs.

above the pressure of the atmosphere.
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Question 33.—What is the effect of sediment or incrustation forming in

a boiler ? Is there any danger likely to arise from it ?

The deposits or incrustations formed internally on the boiler plates are salts,

and bad conductors of heat. Consequently, the boiler plates will become red

hot whilst the deposit remains
;

after becoming red hot, through unequal expan-
sion, the incrustation separates from the iron, the consequence being that water
rushes between, a sudden generation of highly elastic steam takes place, which
sometimes the valve will not allow to pass, and an explosion follows.

Question 34.—Are boiler plates ever made less than TV of an inch thick?

What is the proper size and strength of plates for high-pressure boilers ?

Boiler plates are not often made less than of an inch thick. For high-pressure

boilers, they are made from T
7
g- to of an inch thick, and are commonly 6 feet x

3 feet, and they must have a tensile strength of at least 20 tons to the square inch.

Steel plates are now rolled large enough to admit of one plate forming an entire

ring. Thus there is only one longitudinal seam in the boiler made of such

plates.

Question 35.—What evaporating surface should boilers have?

They should have at least 5 square feet per horse power.

Question 36.—When the water in a boiler is dangerously low, what would
you do ?

I should open the fire-doors, close the damper, and stand at a safe distance

until the boiler had got cool, and for this reason. If the water is allowed to get

dangerously low, some of the plates will be subjected to great heat—possibly may
be red hot—and any attempt to pass water into the boiler while in that state

would be followed by a rapid generation of highly elastic steam, which the safety

valve would not pass, and an explosion would result. After the boiler had cooled,

it might safely be re-filled and started.

Question 37.—At what part of the boiler would you fix the water gauge?

The water gauge should be placed on the front and furnace end of the boiler,

where it would be constantly under the eye of the fireman, and any deficiency or

surplus of water in the boiler at once detected.

Question 38.—What size of steam pipe would you lay from the receiver to a

30-inch cylinder engine ?

The maximum velocity of the steam in the main steam pipe should not exceed

100 feet per second. The piston speed of the engine is not given, but taking it

at 300 feet per minute, the size of pipe for a single cylinder engine would be

found thus :—A 30-inch diameter cylinder has an area of 706-86, therefore

3OQ .

x
.

7°6 8 6 _ 3 5*343 area in inches, and a / 35 343 = 67 inches, or say 6f
100 x 60

0 0 V 7854

inches in diameter. With a double-cylindered engine it would be
3°° x 7Qjj._:

_-
2

J 0 100 x 60

= 70-686 area in inches, and a/-— = 9*487 inches, or say 9! inches in
^ *7° 54

diameter. If the engine is a compound one, only the size of the high-pressure

cylinder need be considered in estimating the size of the steam pipe.



STRENGTH OF BOILER PLATE. 143

Question 39.—In a colliery where engines were working, and having 1,800

horse-power, what boilers would you consider necessary ?

-

1 8qq = g 4 i = 10 Lancashire boilers 28 feet long and 7 feet 6 inches
200

diameter.

Question 40.—What height and size of chimney would you construct for

such range of boilers ?

10 x 5 = 50 feet area = say 8 feet diameter at the base, and to be well proportioned

the chimney should be 25 times the diameter in height = 8 x 25 = 200 feet high.

Question 41.—What is the nominal horse-power of a Lancashire boiler whose
length is 30 feet and diameter 6 feet ?

3° *
Q = 30 horse-power.

Question 42.—Are boilers better calculated to resist pressure lengthwise or

crosswise, and in what proportion ?

A common cylindrical boiler is twice as strong to resist pressures acting

lengthwise than to resist pressures crosswise, and for this reason all the horizontal

seams should be double riveted.

Question 43.—How much stronger are boilers having double-riveted plates

than those having single-riveted plates ?

Double riveting weakens the plates about one-fourth, single riveting about

one-half, therefore double-riveted boilers are stronger in the proportion of about

3
to 2.

Question 44.—Find the bursting strength of an iron cylindrical boiler 6 feet

in diameter, and made of |-inch plates, with doubled-riveted joints.

•5 x 21 x 2240 x -69 „ . ,— '

6x12
= 22 5

’

4 bs * Per sc
l
uare mc h.

At most collieries railways are required, but the circumstances of each must
decide what railways shall be made. Siding room for full and empty trucks

sufficient for the day will be required, but in laying out, regard will of course be
had to the intervals between the trains and the output of the colliery. It is not

necessary to say more of this here, nor is it necessary to explain the different

forms of wagon in use, as these vary much in different districts. Coke ovens and
coal-washing machinery, briquette and brick-making machines are in use in some
districts, and form part of the surface arrangements; but as these subjects are

adjuncts to mining, and a knowledge of them not absolutely necessary for a

student to pass an examination in mining, it is not necessary that they should be
treated here.

At collieries which supply gunpowder or other explosives, it will be necessary to

remember the provisions of the Explosives Act, and to erect the gunpowder
magazine in accordance with legal requirements. The written approval of

H.M. Inspector should always be obtained both as to plans and position before

erection.

A ventilating-fan and a pumping-engine may also possibly form part of the

surface erections, but more will be said of these under the heads of Ventilation

and Drainage.



CHAPTER VI.

TIMBERING AND WALLING.

The kind of Timber used at Collieries—Storing it Underground—Method of fixing Props and
Lids—Temporary Props and Lids—“Dog” for drawing Props—“Sets” of Timber and
their fixing in Main Roadways—Timber for Collars—Sills under Props—Timbering for

a bad Roof, where the Floor and Sides are good—Lagging—Timbering for a bad
Roof and Side, the other Side and Floor being good—Timbering for a bad Roof and
Sides, with a good Floor—Timbering for a bad Roof, Floor and Sides— Lagging of Trees
and Brushwood—Sizes of Timbers and their distance apart—“Cogs” or “Chocks”

—

Methods of Timbering in France—Notching the Timber—Cast-Iron Props—Wrought-Iron
and Steel Supports—Storing the Timber on the surface—Creosoting as a means of preserving

Timber from decay—Customs as to Setting and Drawing the Timber—Walling the Main
Roads from the Shaft—Material used in Walling—Semi-circular arched Roadway—Invert

under Side Walls—“ Horse-shoe ” Arch—Elliptical Arch for Roadway—Process of building

Arches—Necessity of removing all Timber, arid tightly packing behind the Walls of Arches
—Packing the Top and Sides with Sand.

Timbering is the cheapest way of securing roads, regard being had to first cost

only
;
but if the roads are used a number of years, and the cost of maintenance is

taken into account, walling may be a much better and cheaper plan.

The timber used at collieries to support the roof and sides is chiefly pine,

fir, and oak. The sizes vary from 4 to 12 inches in diameter, the size and
arrangement depending upon the material to be supported and the excavation

itself. Where used to support the roof only, the timber requires very little pre-

paration. It is cut into suitable lengths at the surface, sent into the pit, and,

in accordance with the Mines Act, 1887, for the convenience of the workmen
who have to timber the working places, a proper supply must be kept stored near

at hand.

The usual manner of supporting the roof in the working places is by means of

single props (called posts, trees, &c.), having short lids or caps (in Somersetshire

called traps) on the top. If these props are cut from the tops of old trees, they

are spongy in texture, and less durable than when cut from the lower portions of

young trees. The bark should always be left on them, as it helps, to preserve the

wood.
In fixing props, the workman with one hand holds the lid under the roof

requiring support, whilst with the other he moves the top of the prop, the bottom

of which rests on the floor, until it touches the lid, which is firmly held by the post,

while the latter is driven well under the lid by means of a sledge-hammer.

The post should be upright if the seam lies flat
;

if not, the prop will not be

upright, but at right angles to the floor and roof, or, as the roof will sink a little,

notwithstanding the prop, the latter may be set in a direction which deviates

slightly from the perpendicular between floor and roof towards the vertical. A
single prop and lid is sometimes though not often fixed in the main roadways as

well as the working places. Fig. 135 shows a single prop and lid. At times it is

required to fix a single prop and lid for a temporary or passing purpose.

For instance, where a double row of “ chocks” is used in Longwall workings, as

a protection to a continually advancing face, the. back row is often taken down and

re-fixed in front of that which was previously the front row. Each of these chocks
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should have temporary single props and lids, placed round it to protect the work-
man while in the act of taking out the chocks. These temporary single props
may afterwards be withdrawn, and to facilitate the after removal, when fixing

them a short sill is placed on a few inches of rubbish, the prop and lid being
placed over the sill (see Fig. 136). These props are afterwards safely removed and
recovered by means of a “ dog.” Fig. 137 shows a “ dog” for drawing props, as

Fig. 135.

Scaics. 6Feet' to lImcJv

Fig. 136. Fig. 138.

Methods of Timbering Roadways.

137.—Dog for Drawing Props.

Fig. 141. Fig. 142. Fig. 143*

Methods of Timbering Roadways.

Fig. 144.

used at the Lundhill Colliery, Yorkshire. It is an iron bar 3 feet long, with one
end shaped in the form of a hook, as shown in the sketch. Five inches from the

hook end is a chain with two links and a hook about 6 inches long. The “ dog”
is used with a piece of half-inch long-linked chain 6 feet or more in length, with a
hook at the end of it. The chain is passed round the prop to be drawn,
and hooked into a link. The other end of the chain is put into the hook at the

end of the “ dog ” chain. Another prop is used as a fulcrum, the point of the

lever is pressed against this, and the prop is drawn out. The length of the
chain must be such as to allow the timber-drawer to be safely clear of the
falling roof consequent on the withdrawal of the post.

Usually the main roadways are secured by “pairs” or “sets” of timbers, as

shown at Figs. 138, 141, 142, 143 and 144, Figs. 138, 141 and 143 being front

elevations, and Figs. 142 and 144 side elevations of roadway. These consist of a

C.M.H. L
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head-piece or “ collar/’ which is held up in position next the roof by two props,

reaching from the floor to near each end of the “ collar.”

It requires two timbermen in large roadways to fix this timber, and if the roof is

very bad it may require more.

The collar, having been placed where required, is held there temporarily by a
prop from the floor to the middle of the collar. Holes or notches are prepared
beforehand in the floor at the sides of the road. One end of a prop is now placed
in one of these notches, and the other is brought under the collar, where it is

driven sufficiently to be quite firm. The other prop is treated similarly, and
the two props may afterwards be alternately tightened by being more firmly driven

under the collar, after which the middle prop is removed. As seen on the draw-
ings, these props instead of being vertical when in position are slightly inclined

at the top towards the centre of the roadway. The
object of this is to strengthen the support. The
distance of these props from each other on the

floor of the road is often regulated by the gauge
of the way and the size of tub or tram having to

pass between them; if made the same distance

apart at the top and bottom, the weight of the

incumbent strata would be more likely to break
the collar in the centre than when the props
are slightly inclined towards each other at the

top, thereby reducing the length of collar between
the supports.

Sometimes the “ collars ” consist of slabs of

wood or “ flats ” sawn into suitable lengths, as

shown in Fig. 138, but as this kind of collar

will not bear much weight without breaking, more
frequently trees with the bark left on exactly the

same as the props are used. In other cases they

are split down the middle, so as to form two half-

round pieces, and where this is so the splitting

should be done by cleavage, because sawing
slightly weakens the piece by dividing the fibres.

Where space is not important, however, it may
be found more economical to select slightly

larger timbers and saw them, the larger size

compensating for the loss of strength resulting

from sawing. Where these half-round pieces are used as “ collars,” the flat

portion should be laid next the roof, in order to cover as large a surface a.

possible. Whatever the collar is, care must be taken to ensure its bearing

against the roof.

If the latter has an even surface, there will not be much difficulty in this, but

in other cases the irregularity of the roof presents obstacles to true contact

between it and the collar.

In fixing the props which support the collars, they are placed sometimes with

the smaller ends downwards, and sometimes with the smaller ends upwards, but if

the floor is strong the smaller ends should be downwards.
If the floor is very soft, the pressure from above causes the props to sink, and

the larger ends should be downwards. In some cases this will not be sufficient

to prevent the sinking, and advantage may be derived from placing a sill under
the foot of each prop. The size of sill will be determined by experience.

Roadways having a strong floor and sides, but a bad roof, do not require the
“ sets” of timber just described. In these no props will be required, as the sides

of the roadways are notched sufficiently for the insertion of the collars, which thus

Fig. 139.—Timbering a Roadway.

Fig. 140.—Timbering a Roadway.
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Fig. 145.—Timbering a Roadway.

rest or have a bearing on the sides. Fig. 139 shows the front elevation of

a roadway timbered in this way, and Fig. 140 shows a plan of the same. A hole
or notch is prepared in the side A, near the roof, and is cut to a depth sufficient

to give the bearing it is requisite the collar

should have. On the opposite side of the

roadway, and at the same height, is cut a
similar hole B, but the fore side • of the

hole is shorn away, as shown in the figure,

to allow for the fixing of the collar. One
end of the collar is now placed at A,
the collar being held in the position shown
by the dotted lines in the figure, whilst

doing so. As the end B approaches its

permanent position, a wedge is placed at

C, having its thin end outwards, as shown
in the figure, and against this wedge the

collar is driven home by blows from a
heavy hammer. Jf the road is steep, the

shearing back for the hole B should be
on the higher side, as the collar would be
thus less liable to work out after fixing.

If the collars are not sufficient to prevent
falls from the roof, lagging is placed in

between the collars and the roof at right

angles to the collars. The lagging may
be of slabs, or round or half-round timber.

If half-round be used, the flat side should
be placed next the roof, as shown in Fig.

139. The object of either kind of lagging

is to distribute the support of the collars

over the roof. If after placing the lag-

ging over the collars, any spaces exist,

either between the collars and lagging or

between the lagging and roof, these should
be closed by having wedges firmly driven

into them.
If a roadway has a bad roof and side, the

other side and floor being good, it may be
“half timbered,” as shown in Fig. 145. A
hole is cut in the sound side at A to

receive one end of the collar and the floor

is notched at C, in which is fixed a prop,

slightly inclined. A collar is then placed

with one end in the notch A and the other

resting on the prop. The prop and collar

are now driven by blows till the former is

quite upright or slightly inclined towards

the centre of the road. If the two pieces

are not held firmly together, owing to the

yielding of the floor during the driving, wedges are driven either above or below
the prop.

Lagging is placed next the roof and also next the side from which the pressure

is threatened. The lagging between the props and the side is firmly wedged so

as to retain its proper position.

• Fig. 146 shows the timbering in a roadway having a bad roof and sides, but a

Fig. 146 .—Timbering a Roadway.

Fig. 147.—Timbering a Roadway

L 2
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good floor. Here “ sets” of timbers are placed as before described, and lagging

placed next the roof and against both sides. Flat, half round, or round lagging

may be used, according to the pressure it is likely to have to resist, vertically, or

laterally.

It often happens that the roof, floor and sides are all weak and require

support. Where this is the case, if the roadway is to be maintained for any length

of time, walling will be the most effectual and economical way of preserving the

road. But if only required for a short time, it may be timbered as shown
in Fig. 147. In this case, the “sets” of timber have placed under them pieces

similar to the collars, and these may be of half-round pieces if the pressure is

not great. Where the half-round pieces are not strong enough, whole pieces

must be used
;
and again, where these do not effectually resist the pressure, lagging

must be placed under them, similar to the lagging at the sides and roof as shown
in Fig. 147.

In the southern portion of the Somerset coalfield, and also in some of the

Pembrokeshire mines, where the roads are very difficult to keep open, branches
of trees and brushwood are frequently used as lagging. These form a network
against the sides and roof and distribute the weight more evenly over the supports

than ordinary lagging.

The distance between the sets of timber or the collars must depend upon the

state of the strata. In some cases they may be placed only a few inches apart,

the road being quite lined with them, or in others at intervals of 3 feet or

upwards.

Where the timbers are not of a uniform size along a roadway, the larger and
smaller should be made to alternate, so that a weak pair may come between two
strong ones, but this method is not desirable.

The diameters of the timbers should increase with their lengths, so that those

cut for a high or wide road must be thicker than those used in roadways of smaller

dimensions.

In timbering Longwall workings, or the pillar workings of Post and Stall,

besides the props cut the height of the seam with lids placed over them of about

15 inches long, “ cogs ” or “ chocks ” are used. No drawing is here given of these,

as many examples are shown in the next chapter. They are pieces of timber about

2 feet long and from 6 to 1 2 inches square. If it is intended to recover them, a

little rubbish is laid on the floor, and two of these timbers are laid on this parallel to

each other and about 18 inches apart. Two similar pieces are then placed on these

crosswise, also 1 8 inches apart, parallel to each other, and at right angles to the

two first laid. Two more similar pieces are placed over the last in a line with the

first two laid, and so on till the roof is reached, where they are wedged with pieces

of chip.

Chocks which are to be taken out and used over and over again are

generally made of hard wood, such as oak, elm, or ash, but in cases where
no attempt is made to recover them ordinary soft round pit timber is used

with the bark on, the latter being often 4 or 6-foot timbers. If intended

to be left in, the space between them is filled with rubbish as they are

built up.

Figs. 148 and 149 show a form of timbering employed in France, as described

by Andre in his Treatise on Coal Mining
,
the chief features of which are the

struts supporting the props and the collar at the point where they have a tendency

to give way, and also the use of longitudinal pieces to bind the different sets

together.

Fig. 148 shows the arrangement for a road having a single, and Fig. 149 that

for a road having a double line of rails. The operation of fixing the bracing

pieces inside the other usual set of timber is as follows :

—

The longitudinal immediately under the collar is placed and temporarily held
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there by pieces of wire. The length of the piece is 9 or io feet. Next the two
side longitudinals are placed and temporarily held in position similarly to the one
immediately under the collar. Two or three upright struts are then placed under
the side longitudinals, and afterwards some of the upper struts are inserted

Scale. G Feel to 1 Inch.

Fig. 148. Fig. 149.
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obliquely and driven towards their permanent position. The wires are now
removed, and the remaining upright and oblique struts inserted and driven firmly

into position by blows from a wooden mallet.

If every set of timber is thus braced it is capable of resisting enormous pressure.

The struts and longitudinals are 3 inches in diameter for a single line roadway,

Fig. 150. Fig 151.

Methods of Timbering Roadways.

and 4 inches for a double line roadway. Figs. 150 and 15 1 show a modification

of the same system of bracing the main timbers.

In Fig. 150 the upright struts, instead of being in contact with the props

throughout their length, are set out at the foot, and the oblique struts, instead of

supporting one longitudinal in the centre of the collar, support two, which again

support a short horizontal strut under the central portion of the collar.

Fig. 15 1 is much the same as Fig. 150, but is meant for a double line roadway;
and in this case the upright struts are in contact with the props throughout their

length.

Where the props in any “ sets ” of timber have lateral pressure thrown on them
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it is usual to bind the “ set ” together by notching the timbers. The notches in the

floor prevent the props from being displaced at the bottom, and the notch formed
in the collar and props is designed to prevent the lateral pressure from disturbing

the position of the props at the head.

There is no doubt that notching weakens the timber, as a portion of the wood
is cut away. The notches formed on the collars cut away from J to | of their

thickness at that point. But no great objection arises from this weakening,

because the collar, after being notched, placed in position, and supported

immediately under the notch by a prop, is still much stronger at that point than

in the centre. If any roadway be carefully examined it will found that the collars

nearly always break in the centre or at a distance from the notch.

Figs. 14 1 and 142 show a method of slightly notching, in which the prop is left

Scale. 6 Feet U) 1 1neJv.
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cut off square, and the collar is cut away on either side with an axe sufficiently to

give a flat bearing surface.

Figs. 143 and 144 show another method, in which the upper end of the prop
is hollowed out with an axe to receive the rounded ends of the collar, which is

not cut. There is much less protection from lateral pressure in timbers cut thus,

but it may sometimes be a convenient arrangement for fixing sets of timber where
there is little or no side pressure.

Fig. 152 shows the same arrangement of notching as Figs. 14 1 and 142, with a

stay placed across between the two props, the stay being hollowed out to receive

the props.

If the lateral pressure is greater than the pressure from the roof, the props will

be knocked out by it unless a better form of notch be adopted, such as shown in

Figs. 153 and 154, which is cut in both collar and the props. The lateral

pressure sometimes causes the collar to split
;
to prevent this a stay may be inserted

similar to that in Fig. 152.
In Figs. 155 and 156 the Welsh system of notching timber is shown. This

notch is formed in placing the sets of timber at the most important collieries in

South Wales, in many of which the side pressure to be resisted is enormous. No
stay is required with this notch, and the collar may be sawn to the length shown
on the figures, or it maybe rather longer. The shape of the roadway determines
this. The prop ordinarily is in contact with the collar for 3 inches on the inside,

or nearest the centre of the road, and for 4 inches on the outside.

Frequently a loose stone at the side of a roadway requires support. It may be
thick and partly protected by the roof, or partly by the side, but having a
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weak place it must bs secured, if it cannot be taken down. In circumstances
which admit of it, a prop and lid are placed under it

;
in others, the prop has to

be placed in an oblique position, either being set on the floor or the other side of

the roadway. In such cases a good plan is to slightly scoop out in a curved form
the top of the post, and then to have a wedge-shaped piece having a rounded
bottom to fit the prop, and a flat top surface. It may then be driven in over the

prop by blows from a hammer till tension is obtained.

Cast-iron props have occasionally been used, but their inelasticity or brittleness

is a great objection, and this, probably, more than the cost, has prevented their

coming into general favour. Where the pressure is great a metal prop breaks

suddenly without warning, and has none of the bending property of timber,

which, as a rule, shows signs of giving way, thus allowing time for repairs or

renewal.

Wrought-iron and steel are also used to some extent for securing under-
ground roadways. In main roads which are likely to be used for years, and
which, if timbered, would necessitate the renewal of the timber every two or three

years, it would probably be cheaper in the long run to adopt iron or steel.

Although the first cost of these materials is relatively high as compared with

timber, there is no comparison in their serviceableness
;
beside which the iron or

steel, if recovered, even if bent or broken, is still worth a considerable part of the

first cost. There is, however, this great convenience in the use of timber, which
is wanting in iron or steel, that it may be cut to suit any size of roadway.

Timber is usually bought in large quantities. To prevent its deterioration

care should be taken in the storing, which is best done in a covered building

placed, for convenience, near the shafts. The pieces should be placed hori-

zontally, and crosswise, to allow air to circulate, and means should be taken to

ventilate the building. The small timber should be placed on end. When
using from the store-room, the oldest stock should be used first.

Some roofs fall for a few feet upwards to a harder rock, and advantage is

taken of this fact by allowing the fall to go on for a time, and then, after it has

ceased, the permanent road is made with little or no timber under the harder

rock. Other roofs will fall to an indefinite height, necessitating walling in

the main roads. It is much better to let the goaf * settle before putting in

* Goaj or gob is the name given to the space from which coal or other mineral has been entirely

worked. There is usually more or less of this space open at and near the edges of an area from
which the mineral has been entirely extracted, the closing of the interior depending upon (1) the

nature of the roof and floor, and their capability of resisting the incumbent pressure, and (2) the

amount of packing built and the debris thrown back into the goaf in the process of working. In
general, the interiors of large goaves are practically closed.
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walling, if even the road has to be timbered for a year or two before the

walling is built. Sometimes, in working thick seams, a bad roof over the

coal prevents roads being carried immediately under it. In this case the top

bed of coal is often allowed to remain, thus affording a better roof than that

over the coal.

Wherever timber is placed in damp situations it is affected injuriously by the

watery vapour in the atmosphere. Some kinds of timber decay more rapidly than

others where so exposed. English larch stands a considerable time in damp
places, but any timber used in wet roadways may be rendered twice as durable by
“ creosoting.” ioo parts of coal tar contain, when distilled, 65 parts of

pitch, 20 of essential oil (creosote), 10 of naphtha, and 5 of ammonia. The
oil produced from this distillation is used for creosoting timber. It prevents

the absorption of moisture in any form, under any temperature. It is noxious to

animal and vegetable life, repelling the attacks of insects, and preventing the

propagation of fungi. The oil is injected at a temperature of 120° F. under a

pressure of 150 lbs. per square inch, so that ordinary fir timber absorbs about 8 or

10 lbs. weight of creosote per cubic foot.

In return airways which are damp and warm ordinary timber soon rots, and if

its use cannot be dispensed with in these situations, it should be creosoted before

being placed there.

In many districts props and sprags are used at the working faces to prevent the

coal from falling on the workmen whilst engaged at their work. As the system of

propping the coal is inseparably connected with the mode of working, which
again is regulated by considerations respecting the seam, we reserve our remarks
on these subjects until the next chapter, when the systems of propping and
spragging the coal will be dealt with, and many examples shown of what is being
actually done.

In Northumberland and Durham skilled workmen called deputies are employed.
The duties of a deputy for the most part consist in setting and drawing timber in

any district over which he has charge. Besides the timbering, he lays the rails

where required, and takes up any from recently abandoned roads, and also

attends to the bratticing, ventilating doors, &c. Usually he has about a dozen
men to attend upon in his district.

In the counties mentioned the workmen at the face are relieved of the respon-
sibility of propping the roof, which responsibility devolves on the deputies, who
are officials acting on behalf of the owners, and in these districts, where the roofs

are fairly good, this plan seems to work well.

In Derbyshire and Staffordshire a kind of Butty system is in vogue, in which
stallmen have charge of the Longwall faces, receiving a tonnage or contract price

on the coal sent out, and these stallmen employ workmen to hole and take down
the coal, whilst they or others employed by them put in the props and build the

pack-walls. A stallman has from 8 to 16 men under him.
The usual arrangement is for the miners or persons working at the face

to set all the timber required there for their own protection and a great

deal may be said in favour of the arrangement, but it should always be
under supervision from the officials, and subject to some kind of regulation

as to the extreme distance allowed between props, &c., according to the

requirements of the case.

The timbering on the main roads is done by timbermen appointed for the

purpose.

Walling.—The roadways forming the main underground arteries are frequently

walled. Sometimes the walling is continuous over long distances, at others where
the road has passed here and there through weak beds the walling is in short
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pieces. Air-crossings may require walling, and the spaces between doorposts and
the road sides where important doors are fixed. Walling may be of stone or

brickwork. If stone is used the hard sandstones of the coal measures are found

very suitable and are much harder than ordinary bricks. Bricks, however, are

very convenient to handle, and may be moulded to suit the curve of any archway,

whereas the hard sandstones require a considerable amount of dressing if used

for arching. Sometimes, where arches have to be turned the side walls are of

stone and the arch bricked.

Scale,. 4 Feet to 1 Inch.

Fig. 157.—Method of Securing a Roadway having a Good Floor but a Bad Roof and Sides, by
means of Side Walls and Semi-circular Arch.

Where the roof is good and only the sides bad, walls of stone or bricks may be
built from a few inches below the floor line to the roof on each side. The thick-

ness of masonry will depend upon the nature of the rock, but should not be less

than 9 inches. Very little mortar should be used between the stones or the

bricks in building. If the floor and sides are strong and the roof bad, an arch
may be turned resting on the side rock. If one side and the roof are bad a wall

is built next the bad side and the arch turned resting on this side wall and the

firm rock on the other side. When both sides and the roof are bad two side walls

may be built and an arch turned resting on them. An arch which is semi-circular

in shape, is shown in Fig. 157. The size on the drawing is for a double line of

rails, and a gutter for carrying the water is shown at the side. Where the floor is

bad as well as the sides and roof, the side walls may be built on an invert as
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shown in Fig. 158. Where a considerable amount of lateral pressure is expected,

and the upright side walls are not calculated to resist it, the roadway may be walled

as shown in Fig. 159. This form of arching is usually adopted for railway tunnels,

the sides and roof, forming part of an ellipse, resting on an invert and sometimes
called a “ horse-shoe ” arch. Fig. 160 shows an elliptically arched roadway,

Scxxle. . 4 Feet' ts> 1 Tnrh
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Fig. 158.—Method of securing a Roadway by Walling with Upright Sides, over which is turned
a Semi-circular Arch and underneath an “Invert.” or Flat Segment Archv

which is the strongest form that is suitable for underground roadways (the

circular not being practicable), and will resist pressure from any direction

better than any of the other forms given. The masonry is built in such
lengths as the strength of the rock will permit, and if found necessary,

temporary timber must be set.

Where timber is used, the length of masonry put in must be a short one, as the

timber has to be taken out gradually. Very little should be removed at a time, and
when removed the walling should be built rapidly so as to support the roof where
previously timbered, without loss of time.

In the case of an arch having an invert, the invert is first built, the necessary
rock having been taken out below the floor line and at the road sides. The invert
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is kept in advance of the side walls and the arching, and centering is used in

building it.

The side walls are built on the invert and are kept in advance of the arching,

so that the masonry may be said to proceed in three sections. A staging is erected

from which the masons build the arch over the side walls. If no invert is

Scale . 4- Feet tv 1 1nch

required, the masonry proceeds in two sections, the side walls being kept in

advance of the arching.

Iron centres instead of the usual wooden ones are used for turning the invert

and arch. Blocks are fixed on the floor to take those for the invert. The centres

for the arching may rest on blocks slightly projecting from the si.de walls after

they are built.

All old timber should be taken out if possible, and the space behind the walls

I
and over the arch should be tightly packed with rough concrete, or any suitable

i

1 material. Timber left behind the masonry would rot in time and leave spaces

! between the masonry and the rock. If the masonry is proceeding in a road to which

j

accumulations of fire-damp may possibly extend, care must be taken to prevent
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open lights being taken above the arch, even if these are permitted in the

roadway.
Roads requiring to be walled, as shown in Fig. 157, may have the necessary

Scale. 4 Feet to 1 Inch,.

FORMED IN IT.

material taken from the sides and roof, to admit of the masonry being put in

during the day-time, without interfering with the usual traffic (if that be limited)
;

so also, by using the iron centerings which do not obstruct the roadway so much as

he ordinary wooden ones do, the masons may put in the walling whilst the usual

work of the colliery proceeds. But if the quantity of coal passing along the road
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is large, it will be better to arrange that the work be done at nights. Where an
invert to the arch is required, the work must be carried on during the night unless

the road is free from traffic.

It is better in all these operations to use hydraulic mortar, because it sets so

quickly : some hydraulic mortars become solid in quarter of an hour either in the

air or under water.

Where the depth from the surface and consequently the crush, is great, arches

however strongly built are often destroyed by its force. It has been found that

by packing the top and sides with sand, to a thickness of not less than one foot,

the weight is distributed over the whole surface of the arch, and the walling has

remained intact. The thickness of masonry required to resist a given pressure

is less if packed firmly behind with sand than would be necessary if no packing
be used. In the drawings Figs. 157 to 160, the different forms of arch are shown
with the packing of sand filled in behind.



CHAPTER VII.

NARROW WORK AND METHODS OF WORKING.

Shaft Pillars -Water-Levels—Cross-measure Drifts from Shafts sunk through inclined strata—

>

Stone Drifts through faults—Longwall Method of Working—Post and Stall System

—

Different Arrangements of Single Road Stall Working—Double Road Stall Method and its

Modifications— Method of Working and Timbering adopted at the following Collieries :

—

Celynen, Risca, and the Ocean—Wicket System of North Wales—The Bank System of

South Yorkshire—Method of Working and Timbering adopted at the following Collieries :

—Lundhill, Kiveton Park, High Park, Wearmouth, Silksworth, Florence, Great Fenton,
Cannock and Rugely, Pemberton, Clifton Hall, Pendlebury, Sovereign, Radstock, Kings-
wood, Allanshaw, Cowdenbeath—Working thin seams in Northern France and Belgium

—

Square-work Working of the Staffordshire thick coal seam—Working the thick coal seams
of Poland, Upper Silesia, and Bohemia—Dealing with excessively thick coal seams by
Longwall and Post and Stall—Questions and Answers bearing on the subjects of the

Chapter.

After the shafts have been sunk, drivings will be necessary to win the coal,

and one of the first things to consider is the size of pillar or pillars to be left for

the support of the shaft. If no pillar were left, but a longwall face opened at

once from the shaft on either side of it, the subsidence of the roof, except in very

thin seams, consequent on such proceeding would disturb the strata near the pit,

and might cause injury to the shaft-walling, displace the shaft-fittings, and entail

a considerable after-expense in restoring the shaft to a working condition. The
size of the shaft pillar or pillars should be such that, when the coal is worked
away beyond a sufficient area round, the shaft will be unaffected by the
“ draw ”—the lateral disturbance of the strata beyond the point actually worked.

The depth from the surface, the nature of the strata above and below the coal

seam, as well as that of the coal itself, and the amount of dip all influence this.

For any depth to ioo yards, it may be sufficient to leave a pillar 40 yards square.

Adopting this size as a minimum we may fix any size of pillar for greater depths

by increasing the pillar 5 yards for every 20 yards in depth, so that for a

shaft 150 yards deep, we should require a pillar 52J yards square, for a shaft 200

yards deep, 65 yards square, for a shaft 300 yards deep, 90 yards square, for a

shaft 400 yards deep, 1 15 yards square, and so on.

The shaft should always be in the centre of the pillar or pillars left for its

support, to ensure the same amount of protection on each side.

If water is likely to be met with, water-levels will be required, and these should

be started some feet below the seam at the pit bottom. Roadways in the seam to

be “ water-level ” should rise slightly, about ths of an inch per yard, to allow

the water to flow out to the shaft. For the purpose of ventilation, the two shafts,

which are necessary to every colliery, are also connected as soon as possible by
driving in the seam. Levels are usually driven on both sides of the shaft, and
there may be either two or three on each side, driven parallel to one another,

and about 20 or 25 yards apart. They are generally driven from 7 to 10 feet

wide
;

if the roof be very bad, it may be desirable to make them as narrow as 5

feet. With regard to height, if the seam is thicker than 7 or 8 feet, the level

is usually carried that height, and the upper portion of coal left as the roof. If

the seam is less than 5 feet high, the roof is ripped down or the bottom cut to
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make height on the upper level, and when finished the road should be 6 or

7 feet high. The levels may be timbered or walled if the top is bad. For the

purpose of ventilation they are connected every 30 or 40 yards by cross-holings

driven at right angles. As soon as a fresh one is cut through, the previous one
is closed by a brick or stone stopping built in it so as to keep the air well up to

the face.

If the seams of coal to be won lie at a high angle of inclination, it is usual to

sink the shafts below the seams and drive a cross-measure or stone drift, water
level, from the shaft across the barren ground until it intercepts the seam or seams

Scale. 3 Chains to 1 1nch

Fig. 161 .—Section showing Cross-measure. Drift driven from the Shaft to two Coal-seams
LYING AT AN ANGLE OF 30’.

of coal. Fig. 1 61 is an example of this, where a cross-measure drift is shown
extending from the shaft to two seams of coal which lie at an angle of 30 degrees.
At the point where the drift intersects the seam of coal, water levels are turned
opposite each other from either side of the drift. For the purpose of ventilation,

' if a pair of drifts are not proceeding, air boxes or brattice are used as a temporary
1 expedient, until a return air-way is driven in the seam of coal, back to the upcast;,

shaft.

At times it is desirable to make stone drifts from one seam to another, or
through a fault to intercept the same seam of coal on its other side. Fig. 162
is intended to show an example of this kind. The workings after pro-

i ceeding to the rise on No. 1 and No. 2 seams have stopped at a downthrow
fault. If stone drifts be now carried at water level as shown in the

! two positions on the section from No. 2 seam, the upper cross-measure drift will
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cut the No. i seam on the other side of the fault, while the lower and longer one
will prove the No. 2 seam on the far side of the fault, and these seams being con-
nected by an air pit, working may be resumed on them inside the fault.

Instead of driving the two drifts as shown, the upper one might be continued
water level past the point of cutting the No. 1, till it reaches the No. 2 seam,

ScaZ&. 3 Chains to 1 1ixcfv.

Fig. 162.—Driving through a Fault.

after which, to form a return air-way, the air-shaft between the seams must be
sunk inside the fault, and another stone drift must be driven parallel to the
first, and extending from No. 1 to No. 2 seams on opposite sides of the fault.

In Fig. 163, the workings of two seams lying level are shown as having pro-
ceeded against an upthrow fault, and here the cross-measure drift is made to rise

Scaie. 3 Chains to 1 1nxZv.

rapidly in order to cut the seams thrown up. After the cross-measure drift has
proved the two seams as shown on the section, it will be necessary that another
be driven parallel to the first, either all the way, or parallel to the first through
the part of its course from No. 1 to No. 2 seams on opposite sides of the fault,
when the working of No. 2 seam where just proved through the fault may be
continued, and an air-pit sunk to connect the two seams at the higher side of the
fault.

The rock between seams may be removed upwards or downwards from the
lower to the upper seam or vice versd

,
for the purpose of making an air-shaft.
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These double communications are necessary for an intake and return air-way,

and when made, the working of the No. 1 seam may be resumed inside the fault.

Although only these examples are here given, the student will readily imagine

others in which the seams are cut off or interfered with by faults of different

magnitudes.

The usual systems of working are what are termed “ Longwall ” and “ Post and
Stall/’ sometimes called “ Bord and Pillar/’ and in Scotland “ Stoop and Room.”
Some systems of working are practised which are modifications of these and seams
of exceptional thickness are often worked by a special method applicable only to

the particular circumstances prevailing. The circumstances most favourable to

Longwall are, a seam, not too thick, of rather hard coal, capable of bearing

pressure, and which parts freely from the roof
;
a seam of coal having stone

bands in it or ironstone over it to be worked with the coal, yielding material for

packing. The circumstances most favourable to Post and Stall are, seams
situated near the surface, the working of which on the Longwall would
probably injure the buildings, but which may be worked on the Post and Stall

in the whole mine, leaving the pillars, more or less robbed, to support the surface

;

this system is preferable also where the coal is tender under a heavy roof.

The advantages of working the Longwall where it is applicable are, a better

yield of large coal, less injury to upper seams as the intermediate strata settle

gradually, simplicity of working, ease of ventilating, and greater economy,
for the superincumbent weight reduces the labour of “ holing.” These advantages

are so manifest as to indicate the desirability of working all seams of usual

thickness situated 100 fathoms or more below the surface on the Longwall
system. There are many modifications of Longwall, and this is one of its merits

;

it is capable of being varied more readily than the Post and Stall to suit

local circumstances. In all cases it consists of extracting all the coal at one
operation, the roof settling down behind as the “ face ” advances. In practice it

is generally found better to take out all the coal with the exception of the shaft

pillars, but sometimes pillars are left between, and on each side of, the main
roads. There is an advantage in letting the face advance across the cleavage of

the coal, but some coals have no defined cleavage, and sometimes, even where
there is a cleavage, the dip is not suitable for the face to advance across it. In

Fig. 164 the gob roads are carried to the rise and across the cleavage of the coal.

The distance of these gob roads apart varies, being seldom under 14 yards or

over 50 yards. The roads are carried in the middle of the stall, for con-

venience in working the coal and in bringing it from both sides as shown on the

plan, Fig. 164. The pack-walls are built as shown, and if the seam be thin,

height is made by ripping either top or bottom. The gob must be packed with the

rubbish yielded by the seam in being worked and by the rippings, and the closer

it is packed the better will be the result. This is especially necessary in fiery

seams, for it must be remembered that any portions of the waste not closely

gobbed afterwards become receptacles for fire-damp, unless ventilated. At times,

when the barometer is low, a portion of this gas finds its way into the roads, and
is at all times a source of dread and anxiety. If the roof is bad a double row,

and sometimes a treble row of props, with lids placed over them, is kept next the

face, the back ones being taken out, where this can be done with comparative
safety, and re-set in front as the face advances. In some cases a double row of

chocks is used instead of props. Often the water levels from the shaft, instead

of running in a line with the cleavage as shown in Fig. 164, will cross it at some
angle

;
if this be a right angle and it is desirable to carry the “ face ” across the

cleavage, Fig. 165 shows the method usually adopted.
The face thus advances against the cleavage, and if the dip and rise be rather

great there is an advantage in keeping the gob road at or near one end of the
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Fig. 165.—Plan showing Longwall Workings with Gob Roads advancing Level Course
AND ACROSS THE CLEAVAGE.

working face instead of in the middle, so that the coal may be brought “ down
hill ” to the road. In very tender seams, there is an advantage in working the

face with the cleavage, instead of against it, and frequently, where there is no
cleavage in the ccal, the face, instead of being marked out in steps, is connected

m 2
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from one gob road to another in curved lines. If ventilation alone be considered,
it is of the utmost importance to have the whole face in a straight or gradually
curved line, as this arrangement offers less obstruction to the passage of the air in

its course along the face. Whilst fully admitting the importance of ventilation,

other points have to be considered and kept in view, and it is not always prac-
ticable to keep a face of this shape advancing.
Where there is plenty of capital at command, and the area to be worked over

is not great, the levels may, with economy, be driven to the boundary of the

royalty and the coal worked back towards the shaft, goaf, which is the most
dangerous part of fiery mines being thus left behind.
The Post and Stall system of working is largely practised in the Northern

collieries. A set of excavations are driven through the coal parallel with one
another, and at certain regular intervals, leaving a rib of coal between them. At
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Fig. 166.—Effect of “Creep” on the Roadways of a Mine.

right angles to these another set of excavations is driven through the coal, also

parallel with one another, and at regular intervals. The effect of these excava-

tions is to leave rectangular blocks of coal which support the roof. Subsequently

these blocks of coal are removed. The excavations in the coal alluded to are

called bords and headways. The bords are driven as wide as the strength of

the roof admits of, usually 4 or 5 yards wide, and these are carried against or at

right angles -to the cleavages of the coal. The headways are driven 2 to 3

yards wide in the direction of the planes of cleavage. The blocks of coal

between these cross drivings are called pillars, and their size varies in different

collieries, and according to the depth from the surface, the usual range being from

20 to 50 yards long, by from 10 to 40 yards wide. The chief consideration

in determining the size of pillar is the thickness of cover over it. Both

thrust and creep are caused by insufficient pillars being left. When the roof

and floor are of hard, unyielding material, and the pillar of coal left in the

first working is too small to support the pressure thrown upon it, the pillar

cracks and breaks up, large pieces falling away from it, and finally it is crushed

into small coal. This lets down the roof and chokes up the workings, and the

action of this pressure is called thrust. Again, if the material composing the

floor, or both floor and roof, is weak and soft, and the pillars left are too small, the

downward pressure upon the pillars causes the floor to rise, and the roof, if of a

yielding nature, sinks, the roof and floor thus approaching each other. This is

known as creep ,
and is shown at Fig. 166. Indeed, in the majority of mines over

150 fathoms in depth, whatever size the pillars are, if the floor is of fireclay, or

any material rather soft, there is trouble in keeping roads and airways open.

But, precisely the same thing occurs in Longwall working.

The process of removing the pillars is called working the broken
,
and it was

formerly the custom not to begin working the broken until the workings in the

whole mine had been carried to their destination, but the leaving of pillars

unworked for long periods increases the danger of thrust and creep, and it is
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now usual to carry on the two operations simultaneously, the work in the broken
following closely upon the work in the whole coal.

There are many ways of working away the pillars. Where these are small

they may be removed at one operation, the whole of the coal being taken out

and the road formed in the middle of the pillar as the “ lift ” advances. Circum-
stances must be favourable to admit of this plan. Again, a lift of half the pillar

may be taken off throughout its length, the other half being the subject of another
lift. If the seam lies flat, the pillar may be divided into four lifts, proceeding
from the four corners of the pillar.

In other cases a narrow place is driven across, splitting the pillar in two and
then the two portions of coal left at the sides are brought simultaneously back
as “ lifts.”

It will generally be found that a lift of six yards wide is quite sufficient to take

at one time, and in working the coal in the whole mine, pillars should be left of

a size suitable to resist the effects of thrust and creep, and yet easily arranged

for their ultimate removal. The roof must be good that allows of a lift of 6 yards

wide being taken 20 or 25 yards in distance. In the North of England the

practice is to timber the waste formed in working any lift, the road being carried

on the side next the coal. When the lift is finished, the rails are taken out
;
and,

beginning at the inside end, the deputy takes out the timber, or “ draws the jud
”

as it is called.

In other parts, a pack-wall is built on the waste side of the road which is

carried next the coal, as in the last-mentioned case, but here the waste is not

kept open until the lift is finished. Timber is kept next the face for its security,

the pack-wall and the solid coal protect the road, and the other portion of the

waste is allowed to fall as the lift proceeds.
Figs. 167 & 168 show lifts of 6 yards wide being taken out where they have

25 yards to proceed before finishing. The line of face is kept at a good angle,

following the whole mine workings, so that the pressure at the goaf edge assists

the working (by a steady uniform breaking down of the top) without injuring the

coal, and the line of goaf is continuously maintained. It is better that these

lifts should proceed only from one side of the pillar, as shown on the plans

;

and the ventilation should be arranged so that no air, after passing through
“broken” workings, will reach workmen in other parts, but be conveyed to the

returns direct.

The two important points to be kept in view, in any arrangement for working
the broken, are : (1) Working away all the coal in a good marketable condition

without leaving stumps to interfere with the uniformity of the top breaking down
along the goaf edge

;
and (2) To carry on this working with the greatest margin of

safety to the workmen engaged in the operation. Clearly, any arrangement by
which the lifts are taken off at such angles that any one of them may have goaf

on either side will result in the workman on that lift getting daily into a more
dangerous position. In Figs. 167 and 168 it will be observed that the lifts have
goaf only on one side, and the solid on the other affords protection to the

workmen.
Further reference will be made to pillar working later on, when the practice at

some collieries will be given in detail.

It was at one time thought that by laying out the workings into panels of

moderate area, a certain amount of protection from thrust and creep was afforded.

By what is called panel working, one district is separated from another by a

rib of coal which may be 40, 50, or 60 yards wide. The advocates of the system
further claimed for it protection in times of explosion of inflammable gas, their

contention being that the damage resulting would be confined to the district in

which the explosion occurred.
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A rib 40, 50 or 60 yards will have very little effect in preventing thrust and
creep, if the pillars be left too small, and any good resulting in that direction

must be very limited. As before stated, the only effectual means of guarding

against thrust and creep, is by leaving pillars of a suitable size.

Then again, the rib of coal has very little effect on the damage caused by
explosions of firedamp, for in all cases, it is proved by the blown-out stoppings,

disarranged timber, and other indications that an explosion of this kind, wherever

it occurs in the workings, takes a course against the intake air-current, and as

long as there is sufficient gas to mix explosively with the air, so long will the

ignited mass continue its course, often ending only at the downcast shaft. A
judicious splitting of the air-currents, then, affords more protection from the

effects of an explosion than any system of panel working.

Fig. 167 explains the post and stall system of working where the levels have
followed the direction of the cleavage and where the working of the broken
follows closely upon the working in the whole mine.

If the levels have crossed the planes of cleavage at right-angles, the workings
would appear as shown on Fig. 168.

In seams having a high inclination it may be required to set away a pair of

winning places, or drivings, in a direction neither headways course nor at right

angles to it, but midway between the two, and these are called “ cross-cuts."

They are usually driven by bearings, to keep them in true alignment, and the

“marks" may consist of three or more wooden plugs with iron crooks in them,
driven into the roof in the required direction. The marks are generally put up
by the aid of a surveying dial, and the driving is kept straight by hanging three

plumb bobs from the crooks in the plugs and looking in their direction to a light

in the face.

In arranging the ventilation of a colliery, air-crossings, doors, brattice cloth,

stoppings, and regulators are required. Generally speaking, the aim should be
to have as few of these as possible, and to keep doors off main or important

roads. In any plans of workings shown, the arrows indicate the direction of the

air-current
;
a X indicates an air-crossing

;
a single line across the road a door,

either of brattice cloth or wood
;

a double line across the road a permanent
stopping.

Two methods of working peculiar to South Wales are the “ Single Road” and
the “ Double Road Stall ” systems.

Both systems are capable of modification to suit circumstances. In the Single

Stall system shown in the drawing Fig. 169, the usual conditions prevail. Instead

of driving a pair of narrow levels from the shaft, which from the difficulty of doing

so are saddled with a heavy yardage or driving price, a more economical level is

formed. A face sufficiently wide to hold the rubbish yielded in working the

seam and usually about 8 yards, is pushed bodily forward on either side of

the shaft. The road is made next the coal on the rise side, and an air-

course next the coal on the low side, the space between the road and air-course

being closely packed with any rubbish yielded in the driving and the ripping

of the roadway. A facing of the larger and stronger stones from the ripping

of the top or the bottom, as the case may be, is used to form the road side,

and when needed the road is timbered. When these levels have proceeded
far enough from the shaft to form the shaft pillars, headings are turned, one
on either side of the shaft, which are driven to the full rise of the seam.

These headings, like the level, are driven 8 yards wide, and have the road

formed on one side and the air-course on the other of the advancing face. The
heading road is formed on the side farthest from the shaft, and out of it at

intervals of 24 yards stalls are turned, as shown on the drawing, and driven level

course or parallel with the main level. These stalls are turned narrow from the
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heading, being 6 feet

wide, and are continued

of this width for a few

yards in distance, after

which they are gradu-

ally opened to their full

width of 12 yards, as

shown on the plan, Fig.

169, but the width of

these single road stalls

varies according to the

amount of rubbish

yielded by the seam,

and the size of pillar

intended to be left
;

it

also varies according

to depth from the sur-

face and the nature of

the roof and floor.

By this time the main
level has advanced
sufficiently (dealing with

one side of the shaft,

as the operations on
the two sides are simi-

lar) to allow of a

narrow driving being
'

made from it to the

point in the low side

of the stall where it is

first opened to its full

width. This forms an
air-way by which the air

passes from the main
level into the stall.

As the stall is now
driven on, the road is

made next the coal on

the rise side, and an

air-course formed next

the coal on the lower

side. The road thus

forms a straight line

to the heading, and
the air-course is really

a continuation at right-

angles of the air-course

connecting the stall with

the main level. The
pillar of coal left next

the main level and the

heading is about 20 yards long* and remains to protect them until they are

finished working.

The stall is continued till it has proceeded about 75 yards from the heading,

the space between the air-course and road being packed with rubbish. The
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coal is brought in boxes along the 12 yards of face to the tram at the end of the

road, whence it is conveyed by horses.

When the main level has advanced sufficiently, another heading similar to the

first is turned. There are about 90 yards of coal between the two headings. The
stall which has reached a point within 1 5 yards of the second heading is now con-

tinued narrow through to this second heading and becomes an air-course, the

object being to shorten the distance the air travels and leave a 15-yard pillar for

the protection of the second heading on that side.

The first heading having advanced and other stalls having been turned out of

it, the pillar belonging to this first-driven stall is now worked back towards the

heading. This pillar consists of the 12 yards of coal next the stall road on the

rise side and lying between it and the air-course above it. The coal is brought
in iron boxes down-hill along the face to the tram, which is brought along the

same line of rails as used in driving the stall.

In Fig. 169 this pillar is shown as being partly worked back. When the pillar

coal is all taken out to the air-course (which it is necessary to drive between all

the stalls) it is finished, the stump next the heading being left until the heading
is finished, so as to protect it whilst working, but afterwards all the stumps in

that particular heading, commencing at the top, or innermost one, may be
worked off.

Unless left a sufficient size, the stumps are too much crushed to be worth
working. Not much timber is used in well-packed stalls where the roof is strong,

but for the most part what is used there and in the pillars is lost. An effort

ought to be made to recover at least the timber in the pillar working.
This process is continued, headings being turned at regular distances out of

the main level, and these single road stalls turned out of the headings. A rib of

coal is left next the main level for its protection during completion, after which it

may be worked back from the far end.

Fig. 170 is a drawing of another method of the Single Road Stall system. Here
the main level is shown as a narrow driving, but it may be driven precisely as in

the last case, shown at Fig. 169. Where the roof is very good, the headings may
be driven at greater distances apart from the main level, and instead of having
the stalls turned from one side of the headings, they may be turned on both sides,

as shown at Fig. 170.
In this case there is a distance of 200 yards between the two headings, and as

stalls are to be turned on either side, the best arrangement is to make the heading
about 24 yards wide, and to form a road next the coal on either side.

This would allow of two men and a lad, or two men and two lads, working at

the face, instead of one man and a lad when only eight yards are taken out. The
two roads forming the heading are turned narrow off the main level for a short

distance and then opened out towards each other
;
when connected, the face is

carried on. This leaves a stump next the main level. The method of turning

and carrying the stalls is the same as that described for Fig. 169, but when they

have advanced to a point midway between the headings they meet if the stalls

opposite each other are started from the headings at the same time and the rate

of progress in each is the same. The pillars are then worked back as in the last

case. The chief point of difference consists in the greater distance the stalls are

carried, owing to the excellent roof in this instance. Other modifications may
suggest themselves as the occasion requires. Sometimes, instead of opening out

the stall to its full width on the low side of the road and bringing back the pillar

along the rise side, the reverse of this is done. The stall, after being turned

narrow, is gradually opened its full width on the rise side of the road, the pillar

being brought back along the low side. Again, where the inclination is great,

instead of evenly dividing the coal to be taken out between the stall and the
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pillar, some advantage may result from taking, say 14 or 15 yards from the rise

side of the road and 8 or 9 yards from the low side.

One man and a boy usually work together in a single stall road, the man

^ LtNB OF DIP

receiving a tonnage price which includes timbering at the face, tramming the

coal, and making the road. He pays the boy a daily wage, chiefly to fill the

trams for him.

A reference to Fig. 171, and a comparison between it and Figs. 169 and
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170, show at once the chief points of difference between the Single Road
Stall and the Double Road Stall systems of working. The latter, as shown
in Fig. 1 7 1, has a main level from the shafts carried as a narrow driving,

but it may be carried as shown in Fig. 169. The headings are the same
as shown there, and are the same distances apart. Instead, however, of
turning a single road out of the headings, two roads, separated by 18 yards
of coal at the commencement, are turned and after proceeding a short

distance, they are opened out towards each other, and when connected the
face advances, being now 22 yards wide. The roads are carried next the
solid coal one on each side of the excavated coal, and after proceeding to a
point within 15 yards of the next heading, one of the roads (usually the lower
one) is continued to the heading as a narrow driving. This afterwards forms the

ScaZ&. 12 Fe^l to 1 1nch.
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Fig. 172.—Section of the Black Vein at Celynen Colliery, showing also the mode of Securing
the Face of a Double Stall Working by Cogs and Props.

air-way, until another is made above it. Two men and two boys work in these
stalls, and directly the stall has reached the far end, they divide, a man and a boy
taking out half the pillar (5J yards) below them, the other man and boy taking
half the pillar or a similar distance on the high side. Both parties work their

portion of the pillar backwards and finish about the same time. The stumps are
left to protect the headings until the last, as are also the ribs of coal next the
main level.

The Double Stall is open to modification, as is also the Single Stall, and if the
roof is good an arrangement of Double Stalls similar to that for Single Stalls

shown at Fig. 170 may be adopted.

The great objection to these methods of working is in the formation of
detached pieces of goaf, which afterwards cause injury to the stumps of
coal left between them. With detached goaves there cannot be uniformity in

the breaking of the top, a point which should be always aimed at in pillar
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working. For the most part these methods are adopted on the house-coal seams
at moderate depths from the surface.

A very important modification of the Double Stall System is in opera-

tion at the Celynen Colliery, Abercarne, Monmouthshire, which will now
be described.

The Colliery has been working since about 1878, and is the deepest in the

Abercarne Valley. The pits are two in number, both being sunk 354 yards to

the Black Vein, and are 80 yards distant from each other. The upcast is circular

in shape, the diameter being 18 feet, whilst the downcast is elliptical, the axes

being 22 and 18 feet. The downcast only is used as a winding shaft. A pair

of 38-inch diameter cylinders are used for winding, and these have a 6-foot

stroke and are fitted with Cornish valves. Flat wire-ropes are used, the drums
being 16 feet in diameter. A single-decked cage carries two trams in the shaft,

each of which holds 28 cwts. of coal. The daily output in 1881 was 1,300 tons

on the average. A Waddle Fan is used for the ventilation, the upcast being used

for no other purpose than ventilation. The fan is 45 feet in diameter, measures

2 feet 4 inches wide at the tips, 4 feet 5 inches at the nave, the ear being 13 feet

in diameter. In 1881 it was being driven at 52 revolutions per minute, dis-

charging 220,000 cubic feet of air per minute at a water gauge of 3*5 inches.

Two return air-ways led to the upcast shaft, one having an area of 90 and the

other of 100 square feet. The velocity of air in the one was 1,000 and in the

other 1,300 feet per minute. Mueseler safety-lamps were used throughout the

mine, in consequence of the large amount of inflammable gas emitted from the

seam worked.

Fig. 172 shows a section of the Black Vein at this Colliery, and the plan

Fig. 173 shows the method of working. Three levels are driven from the

shaft, each being 9 feet wide. Between the central or main level and the

upper is a distance of 33 yards, and a distance of 27 yards separates it

from the lower. A series of pairs of headings are driven to the full rise out

of these levels, at regular intervals. These pairs of headings are separated

from each other by about 115 yards of solid coal, when first driven. The
headings are 9 feet wide, having a 27-yard pillar between those forming a
pair. When driven forward a distance of 275 yards above the upper of the

three shaft-levels they are stopped, double road stalls being turned on either

side, one out of each heading, and at the top or far end of it. A face of

12 yards is taken out in these stalls, the two roads being formed one on the

rise side next the solid and one on the low side next the pillar of coal. The
roads are 6 feet wide, the 8 yards between them being gobbed with the rubbish.

The two roads are turned narrow off the heading for 6 yards, are then

joined, and the face of 12 yards carried on. Three stalls separated by 12

yards of coal are driven off each heading at a time, and carried forward for a

distance of 55 yards. On reaching that distance the pillar is worked back in a

manner similar to that shown in Fig. 171, 6 yards of coal is taken back from
above and a similar distance from below the road till within 8 yards of the

heading, the stump being left to support the roof next the heading. Another
batch of three stalls is started from each heading at a point lower down or nearer

the main level, and these are ready to work the pillars back when the other three

are finished.

This is repeated until the coal is all worked to within 30 yards of the upper of

the shaft-levels. The stumps and the pillars between the headings are then taken

out. The headings are then stowed up in order to isolate the goaf here formed
from the other workings.

A thin seam of coal exists 10 fathoms above the Black Vein, and it was
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Fig. 173.—Celynen Colliery, South Wales. Double Stall Method of Working. [To/ace /. 174.



CELYNEN COLLIERY WORKING. 1 75

proposed in 1 88 1 to sink pits from this thin seam to the goaves and so drain

off the gas.

The stalls in the next pair of headings are driven in exactly the same way as

the last, so that when the headings are finished and stowed up, there is a rib of

coal 5 yards in width separating the goaf formed in one pair of headings from that

formed in another. This rib is lost. Pairs of levels, parallel to the shaft levels,

and on the rise side of them, are driven at intervals of 315 yards, so as to

Scale. 4-d/i feet to /Inch.

leave a barrier of coal 40 yards thick between the upper end of the headings
and the next level above. The same system of headings and stalls is driven
from the other levels above. After the levels have reached the boundary
and the coal is worked out from all the headings, the pillars between them
are worked back.

Fig. 174 is an enlarged plan showing two stalls, as worked at Celynen, and is

designed to indicate more clearly the details of working the stalls forward and the
pillars backward, with the timber, &c. used in the operation.
The props and collars used are notched in the Welsh style (see Figs. 155 and

156), and these sets of timber, not shown on the drawing (for clearness), are placed
at intervals of from 3 to 6 feet along the road from the heading and the tram rails
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run between each pair of props. On the waste side of the road, cogs are

placed at intervals of 6 feet, and these are shown on the plan Fig. 174.

Between the cogs, old props are stretched horizontally and are laid so as to

protect the road from falls of small coal and rubbish from the waste. The
cogs are built of old props and are from 2 to 3 feet square, being filled up
with small coal in the centre. Any bad roof between the cogs is secured by
props having lids. The roof is supported along the face by a line of props

6 feet apart, another row having first been placed behind and three feet from
the other row.

The props are 10 inches in diameter, are set with their thick end upward, and
the lids over them consist of old props. Wherever the roof or coal falls close to

the face small stumps of coal are left to support the roof. The small coal made
in the working is gobbed, the roof gradually settling down over it. No attempt

is made to recover the props supporting the roof along the face, when driving the

stall forward. In bringing the pillar back on either side of the stall, however, the

props at the face, and the sets of timber and cogs in the road are taken out, and
if, as is often the case, a bad roof necessitates the top coal being left for a roof

in driving the stall forward, a considerable portion of this coal is got in working

the pillars backward. The props, sets of timber, and chocks in the stalls

are all set by the collier, and he also draws all that are afterwards recovered,

receiving id. a prop for doing so. The custom is for the colliers to pack
the stall-roads behind them when bringing back the pillars. Four men here

work in a stall in each shift and they get about 3 tons of coal each in the

shift. In bringing the pillars back they divide into two companies, each two

men having 6 yards of face in returning. In 1881, the colliers were paid

is. 6d. for large and 5fd. per ton for small, and these prices included

propping, cogging, and stowing. For that portion of the roads driven narrow

from the heading, they were paid is. nd. per yard, but no yardage was paid

after the two roads were joined and the place opened. The colliers do not

require to hole under the coal
;
the stalls are shorn on both sides and the coal

comes off in slabs.

The 5 feet 6 inches of coal under the top coal is not so good as that above it.

Where the roof is sound enough to admit of it, the top coal is worked and 2 feet

of bottom coal left on, except in the roads. When this is done, 4 inches of

inferior roof coal is left on and there are lids put on the head-pieces, not extend-

ing from one head-piece to another, but projecting or overhanging equally on
either side of the head-piece which supports it. In all other respects the working
is the same as when the top coal is left on.

There is no regulation in force as to the distances between props and
sets of timber on the main roads, but there is an understanding that these

are not to be greater than 4 feet, and they are placed closer together where
required.

The sets have the Welsh notch, the props and collars are 8 in. or 9 in.

thick. The height of the roads to the inside of the collar is 7 feet, the width

at the top is 6 feet and at the bottom io| feet. The object of this form of

timbering is to resist the side pressure, which at the depth of the workings is

very great.

A considerable amount of cover lies over the coal where worked, for although

the shafts are only 354 yards deep the workings go immediately under the

mountains and have as much as 700 yards of cover.

A special class of men timber the main roads, and these work during the day
time. Two men work together, and in 1881 were paid is. 8d. a set of 9-foot

timber, and in addition they received ij. 6d. per ton for the coal taken down
from the roof. The cost for timbering at this Colliery was 9d. a ton on large
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coal and yd. per ton if reckoned on the gross output. The price paid for timber
at the Colliery was 23 s. 6d. per ton.

At Risca Colliery, near Newport, also in Monmouthshire, the same seam, viz.,

the Black Vein, is worked by Longwall.
The Colliery began working in the same year as Celynen, and in 1880 an

explosion occurred here. An upcast and a downcast shaft, each 1 y\ feet in
diameter, are sunk to a depth of 284 yards, at which depth the Black" Vein is

reached. The downcast is used as a winding shaft, having single-decked cages.
The cages carry two trams, one in front of the other, each holding about 18 cwt.
of coal. In 1881, the average daily output was 1,200 tons, the day consisting of
16 hours. The shaft is fitted with six wire rope conductors, two of which pass
through guides on the outside of each cage, and two in the middle, between the

SHALE G •
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Fig. 175-—Section of the Black Vein at Risca Colliery.

cages. The last two prevent the cages from touching each other. As they pass at

meetings there is only the thickness of the rope between the cages. A pumping-
engine lifts from 600 to 700 gallons of water per minute in this shaft, the water
coming from old workings to the rise. The other pit is used only for ventilation,

which is caused by a Guibal fan 40 feet in diameter. In 1881 a ventilating

current of 180,000 cubic feet passed through the workings with a 3- 5 -inch
water-gauge. The velocity of the current in the main air-way was 20 feet per
second.

The Black Vein here has not the same dip as at the Celynen Colliery. There
it is 1 in 9 ;

at Risca the seam is generally flat, but in some parts it dips 1 in 14.
The pits are sunk in a valley, but the workings run under mountains and thus

have a cover of about 500 yards.

Two shifts of men are employed, one working from 6 a.m. and ceasing at

2 p.m., the other beginning at 2 p.m. and stopping at 10 p.m. The 8-hour
period between 10 p.m. and 6 a.m. is used as a repairing shift.

Fig. 175 shows a section of the Black Vein at the Risca Colliery. The shale
given in the section as 6 feet varies in thickness through the pit. Sometimes
there is none and the rock forms the roof over the coal, at others the shale is 10
yards thick. Below the 6 feet of soft Fireclay shown as forming the thill or floor

in the section; is a harder bed of fireclay. Whichever bed is used for a floor

C.M.H. N
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the pressure causes it to rise in the road. The top coal of 3 ft. is left on for a
roof.

Fig. 176 shows the method of working. The stall-roads are only 9 yards
apart, and are cut off by cross roads at about every 50 yards. The roadsides
are faced with stone brought down from the surface at a cost of is. per
ton. The goaf spaces between the walls thus made are filled with small

Fig. 176.—Risca Colliery, near Newport, Monmouthshire. Plan, showing Longwall
Method of Working the Black Vein.

coal, and stones and rubbish, obtained from the repairing of roads. The
collier puts in props where required, there being no rule to fix the distances

between them.
None of the props along the face are recovered, because the seam is fiery. If the

props were taken out, holes would be left in the roof in which the gas would collect.

In the roads 10-inch props with lids are put in about a yard apart, but those for

securing the faces are from 5 to 6 inches in diameter. Two men and a boy work
together in each stall, and can send out from 9 to 10 tons of coal in their 8-hour
shift. In 1881 they were paid is. 6d. a ton for large hand-filled coal

;
they take

charge of the stall and the roadway for 40 yards back. The line of cleavage is

shown on the plan, Fig. 176, the cleavage planes being very distinctly marked.
This renders the coal somewhat easy to work, as the coal comes off in large

pieces, the collier merely lifting these with his pick. No holing is required
under the coal unless in very exceptional circumstances.
The top coal left on makes a good roof near the face, but at a distance of 150

yards back, the full subsidence has taken place, and it becomes necessary to take
down this top coal in the roads to make height. This ripping of the top is

followed by sets of timber, which are notched in the Welsh method, as they are
fixed in the road. The pressure on the sides of the road is very great. Larch
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and French timber are used for the sets, 10 inches in diameter, and placed about
every 3 feet—though this distance is subject to alteration to meet the require-

ments of the case. At the crossings of roads square timbers or frames are used.

These consist of a usual set of timber being first fixed across both sides of the

openings. Collars are then stretched between their collars and neatly notched
into them, so as to form a frame. As at Celynen, a special class of men do the

timbering, but here they work during the night from 10 to 6, the wages being in

1881, 4s. 6d. and 5^. a shift. Very few chocks are used, an occasional one being
put in by the colliers at the corners of buildings, and where this is done, they are

paid ij. for each chock.

The timber is drawn out of the roads when they are abandoned, the roads
being stowed up tight as the timber is drawn out in going backwards. The
material for stowing these roads is got from the falls which are frequently taking

place in the different roads.

The side pressure is so great that ordinary brick arching will not stand it. A
weak point in the main road is secured by having strong stone walls built against
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Fig. 177 .—Cwmpark Pit, Ocean Collieries, Treorky, South Wales. Section of Four
Feet Steam Coal.

the sides, and having strong oak beams stretched across between them. The
cost for timber is $d. per ton on the output, the price paid for pit timber at the

colliery being 21s. per ton. The roads are dry and dusty, and are watered. The
firemen look after the ventilation and visit each place twice during the 8-hour
shift.

The method of working the steam coals in the Rhondda Valley, South Wales,
is by Longwall. The Ocean Collieries comprise five coal-drawing and five

upcast shafts, all working the Smokeless Steam Coal.

The Cwmpark Pits, situated at Treorky, are 200 yards deep to the 4 feet Steam
Coal, one being a downcast, the other an upcast. The upcast is used only as

a ventilating shaft, and has a furnace at the bottom of it. The downcast is the

winding shaft. The cages are single-decked and carry one tram each. The
tram holds 2 tons of coal, and is made of iron, the curved sides being of sheet-

iron, and having two cross-bars at each end. The body of the tram is placed

within the wheels, which run loose on the axles, and the axles loose in the

guides or carriages under the tram. The gauge of way is 3 feet. The coal is

large, and is piled up 3 feet above the sides of the trams. In the underground
engine plane the rails are flat-bottomed, and weigh 40 lbs. to the yard

;
those in

the roads to the faces, 22 lbs.

Fig. 177 shows a section of the seam worked, which lies very flat. The 2 feet

of clift next the coal is ripped down in the roads at the faces, and built into the

waste. The collier does this ripping, and keeps the face of it within a foot or

two of the face of the coal.

In the cross roads the second bed of clift above the coal is taken down, and

N 2
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also in the stall roads, when they get too low, and this is also built into the waste.
The material from the ripping together with the small coal are sufficient to nearly
fill the waste.

Fig. 178 shows the method of working adopted. The stall roads are 12 yards
apart, and these are cut off by cross roads or headings every 50 yards.

Props and lids are used at the face, the lids being made of split props. A
row is placed 3 feet back from the face and parallel to it, the props being set
6 feet apart.

Three-foot chocks are placed at the corners of buildings in both the stalls and
the headings. The stall roads are secured by props and lids—6-inch props

Scale*. 3. Chains to tInch.

Fig. 178.—Ocean Colliery, Treorky, South Wales. Plan showing Longwall Method of
Working the Steam Coal Seams.

being used. Frequently they require no timbering. No rule is in force as to the

distance between props
;
the collier puts these where he considers they are re-

quired. The roof is good, being subject only to occasional slips.

Chocks or cogs are built along each side of the headings, at the corners

of the buildings forming the stall roads, and also between them
;
the chocks on

one side of the road are placed not opposite those on the other, but so as to

break band with them. The chocks are 3 feet long, and old round timber is

used for them. They are filled inside with rubbish.

In the headings, all the timber, props, and chocks are put in by the collier,

who is paid according to a recognized scale for doing so. In 1881, the tonnage
price of screened coal paid the collier for hewing, filling, and setting props was
is. 'jd.

Two men worked in each stall, gettingabout 6 tons of coal a day and putting it

in large pieces in the tram at the stall road end. For any heading chocks put in by
the collier he received is. nd. each; for drawing any timber id. per prop; for

ripping id. per yard per inch in height, the width being not less than 5 feet in the

top of ripping, the road being 10 feet wide at the bottom. For the first ripping

of 2 feet thick he received 2s. per yard for the necessary width. In the main
roads sets of timber are used, but are not placed at any stated distance apart

.
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In the headings these sets are put at intervals of 4 feet. The timber used in the

sets is 11 inches in diameter and notched in the Welsh fashion. The “set"
timbering is done along with the second ripping by the repairers, who work at

night. The price paid these men is 2 s. for each set of 9-foot timber, and they

are paid extra for ripping the headings. One fireman is placed in each district of

about 40 or 50 places. His duty is to attend to the ventilation in his district, to

put up wooden or canvas doors where required, or to place air tubes for ventila-

tion. Timber at the colliery costs about 24*. per ton, or about lid. a cubic foot.

As an example of the amount of subsidence of the roof, it may be mentioned
that a road, driven through stowing which had been standing for a year and a half

and 1 50 yards back from the face, was found to be only 3 feet 4 inches high, so

that the subsidence from the face to that point 150 yards distant was from 5^ feet

to 3 feet 4 inches, nearly 40 per cent, of the original height.

In North Wales a system of working called the Wicket system is applied to

seams of from 6 to 10 feet thick where the inclination is slight and the quantity

of firedamp yielded is not great. Fig. 179 shows this method.
A pair of drivings proceed to the full rise and out of them are turned at

right angles pairs of levels. A distance of about 130 yards separates one pair

of levels from another and they are carried forward about 400 yards. The roads

are driven 9 feet wide, and the two forming a pair are separated by 13 yards of

coal. They are connected at intervals of 27 yards by cross holings. The coal

formed between any two pairs of levels is worked out by juds or sections of the

whole block proceeding to the rise from the lower pair of levels. These juds

are carried much like the South Wales double stall roads, a road being formed
on each side of the jud and the space between packed as closely as the

available material will allow. Where no suitable material is yielded in working
the seam and only the small coal is available for filling the waste, the ventilating

current cannot properly be kept round the face owing to the imperfectly packed
waste. The 7-yard rib of coal between the juds is not worked, so that much loss

arises from working in this way.

In 1857, the Bank System of working prevailed in South Yorkshire, where
the Barnsley Seam yields various qualities of coal from its several beds.* Very
little of any other seam was at that time worked in South Yorkshire. The
seam varies in thickness. Near its outcrop and 5 miles from the town of

Barnsley the seam is divided into many thin beds, the divisions being formed by
fireclay partings of several inches thick. Proceeding southwards, many of these

fireclay partings disappear, and at one mile to the north of Barnsley, the seam
presents the following section :

Coal, called “ Day Bed "

Parting ....
Coal, called “ Middle Bed "

.

Coal, called “ Low Bed "

Parting ....
Coal and Pyrites, called “ Clay seam

"

Coal, called “ Hards "
.

Coal, do. “ Slottings

"

Total thi<

ft. in.

o 2

o 8

ft. in.

1 o

kness of Coal

* See Lectures delivered at the Bristol Mining School, 1857*
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This is a highly prized section of the seam, and as in this state it lay within

150 yards of the surface, it was extensively worked in earlier years. Proceeding

southwards to a mile south of Barnsley, the top coal, called the “ Day Bed," is

absent from the seam, and its other portions are so much thinner that the total

thickness of coal in the whole seam is only 6 feet 6 inches. In the South York-
shire Collieries, there is little or no parting in the seam, the average section of

which is

—

ft. in.

Soft Coal (Middle Bed) 15
Soft Coal (Low Bed) 16
Coal and Pyrites (Clay Seam) . . . . 06
Hard Coal (Hards)...... 2 5

Soft Coal (Slottings) 24
Total thickness 8 2

The “Day" and “Low" beds at the top and the “Slottings" at the bottom

are filled and sold together as gas and household coal, the “Hards" (being the

best part of the seam) is to some extent made into coke, but is mostly used as a

steam coal, for which it is well adapted. The “Clay" seam is inferior, owing
to the iron pyrites mixed with the coal, and is sold for lime and brick burning, or

stowed in the waste.

The Barnsley seam contains much inflammable gas. When the working
places are driven across the cleavage, the gas is emitted freely from the planes

of cleavage, but where places are driven in line with the cleavage no gas is given

off beyond that which comes from the coal actually obtained in such working
places. In both cases the gas comes from the coal, only in the first case it is

drained from the solid on either side of the working place. This remarkable

peculiarity arises from the compact nature of the coal and the regularity of the

cleavage planes which run without communication with each other.

In designing the Bank System of working, in which pairs of bordgates or

winning places are driven to the full rise of the seam and across the cleavage,

in advance of the main workings, it was thought that the gas would be drained

or drawn off from the blocks of coal extending from one pair of bordgates to

another, and experience has proved it to be so.

The Barnsley Seam is very free from water. Under it is a bed of fireclay

from 3 feet 6 inches to 5 feet thick, and this fireclay contains large quantities of

inflammable gas in bags or cavities. When the workings have reached the edge
of these cavities, the pressure of the gas has been observed first to heave the

floor up at different points along the face for many yards, this lifting of the floor

being succeeded by large fractures in it (the line of fracture being more or less

clear and parallel to the face of the place) through which the gas has issued with

great force, accompanied by a sound similar to that made by high-pressure steam
escaping from boilers.

A sudden yield of inflammable gas in this way is called an outburst
,
and has

probably caused many of the unfortunate explosions which have occurred in South
Yorkshire.

The Lundhill Colliery, near Barnsley, has belonged to the same Company
since 1854, and in 1857, when the explosion occurred there, the Barnsley seam
was worked on the Bank System, as shown on the plan, Fig. 180.

The lowest is the main or horse level, being driven on both sides from the

bottom of the downcast, which is the winding shaft. The level to the rise is

called the middle level, and the upper the bank level. All three levels are driven

abreast of each other, and are separated by 20 or 25 yards of coal. Openings
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connect these levels at intervals of 30 to 40 yards. At a suitable distance from
the downcast shaft a bordgate, 6 feet wide, is driven towards the full rise, to the

bank level. Here another bordgate is started as a companion to the first, being

separated by 8 yards of coal. This pair of bordgates advance abreast of each

other, and are connected by openings through the coal at every 20 yards. When
the three levels have advanced no yards, another pair of bordgates is driven out

of them similar to the first pair. In the centre of the block of coal left between
the two pairs of bordgates a leading bank, 18 yards wide, is started from the bank
level and is worked towards the rise. In the meantime the bordgates have ad-

vanced sufficiently, viz. 40 yards from bank level, to allow of slits being driven

level course out of the bordgates towards the approaching leading bank. When
the slits are holed into the bank (one on each side) they become the roads through

which the coals are conveyed from the face. “ Following-up-banks ” are now
commenced at the bank level, and consist of a face of 6 yards from the sides of

the leading bank. These “ following-up-banks,” one on either side of the leading

bank, are carried up to the slit above, and, as the leading bank has been progress-

ing, it has now holed into the second pair of slits. Afterwards the “ following-

up-banks
”
are continued forward and second ones started from the bank level,

taking another portion of coal 6 yards wide from that left. This operation is

repeated as each leading bank reaches the slits, until the coal between the goaf

and bordgates has been reduced as much as may be deemed safe or advisable.

In each of the no-yard blocks along the level, the bordgates and banks are

repeated in the same order as before described, and are carried forward to any
required distance. In order to maintain a passage for the air and travelling road

down each side of the goaf formed by the leading bank, packs 5 feet wide,

and 6 feet from the coal rib are built with the blue metal which is allowed to fall

behind the face of the bank. Another pack of similar size is carried up the centre

of the leading bank, and these three packs are built and carried on as the face

advances. Each following-up-bank builds one pack as it advances, 6 feet from
the ribside, so as to maintain a roadway. All the packs in course of time are

overthrown by falls in the goaf, except those at the side, which must be kept to

maintain the air-way. The pillars left in driving the bordgates, that is, those

formed in each pair, and any coal it may have been deemed prudent to leave

next the bordgates, are worked at the last when the banks have been worked out.

This pillar coal is first worked at the highest and inside point and worked back-

wards.

In working the coal the holing was done in the “ slottings,” the hard coal above

it being then wedged down. The clay seam was carefully separated from the

rest, and the low bed of soft coal taken down. The timbering was placed under
the top bed of softs

;
as the face advanced, the subsidence of the roof caused the

top soft coal to fall at the goaf side of the props and was filled into the trams.

The air was taken from the downcast to the extremity of the level, doors being

placed in all the working bordgates. From the face of the levels it was carried

up the inside pair of bordgates, around the face of the new leading bank, up the

next bordgate to the face, returning to the slit leading into the next bank. Here
the air divided as it entered the bank, a small portion descending the air-way

maintained by the pack-wall to the following-up-bank on that side and returned

by the middle level to the other side of the bank, ascended the air-way corres-

ponding to the one it descended on the other side, and joined the current, which
had traversed the leading bank face, at the highest holed slit. The united volume
passed along the slit to the next pair of bordgates, where it ascended the one,

returning along the other to the highest slit, dividing, as before, at the first bank-
gate. Here a division took place, one portion descending to air the following-up-

banks on that side and passing into the middle level. The main current, after

passing the leading bank and descending to the highest slit, again divided, giving
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off a split to ventilate the following-up-banks below. This current joined that

which had aired the following-up-banks on the other side in the middle level, and
the two currents passed on up the next bordgate to join the main current at the

highest holed slit
;
these re-combined currents passed into the first pair of bord-

gates from the shaft, by one of which it descended to the upcast shaft.

It will thus be seen that whatever advantage was obtained from draining the

gas into the bordgates was quite neutralised by these ventilating arrangements.

The air, after traversing the bordgates, would become charged with the gas emitted

there, after which it was passed to the workmen at the face of the banks.

The Lundhill pits are 210 yards deep to the Barnsley Seam, and prove the

following seams :

—

Melton Field

Abdy . . .

Kents Thin .

Kents Thick
Barnsley Seam

4 feet thick at 40 yards from the surface.

3 }’ >> >> 7° >> >> >*

2 ,, „ „ 106 „ ,, ,,

3 „ „ » 144 v

8 ,, ,, „ 210 ,,

Under the town of Barnsley the next coal seam of importance below the

Barnsley Bed is the Swallow-Wood Coal, 60 yards below; the next is the Flock-

ton, 140 yards lower. The Parkgate is 80 yards below the Flockton, after which
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Fig. 181.—Lundhill Collier/, near Barnsley. Mode of Spkagging and Propping in the
Pillar Workings of the Barnsley Seam.

comes the Thorncliffe Thin, 35 yards still lower. Next in descending order

is the celebrated Silkstone Seam, 52 yards below the Thorncliffe Thin, but none
of these seams approach the thickness of the Barnsley Bed.

The Bank System of working has now given place to the Bord and Pillar. In

1881 the operations at Lundhill were confined to three shafts, one being used
solely as a ventilation pit. All are circular shafts, the two downcasts being 1 1 feet

6 inches and 12 feet in diameter respectively, and the upcast 14 feet 6 inches.

A pair of horizontal high-pressure winding engines, 25-inch diameter cylinders,

5-foot stroke, and 14 feet 6 inch drum, winds coal at one of the downcasts, and
a similar engine at the other. Together they raise 750 tons in one shift of 9J
hours. A furnace, having a grate surface of 144 square feet, placed at the bottom
of the upcast shaft, produces the ventilation. The quantity of air passing up the

upcast is 300,000 cubic feet per minute. This air is not passed over the furnace,

but enters the upcast shaft by means of a dumb drift 35 yards from the bottom.
The total volume of 300,000 cubic feet includes 50,000 cubic feet of air used to

ventilate the stables and feed the furnaces.

Fig. 18 1 shows a section of the Barnsley seam taken in 1881, from which it is

seen that the coal has a total thickness of 7 feet 10 inches.

The method of working now adopted is shown on the plan, Fig. 182, and is an
arrangement of Bord and Pillar. The pillars are 40 yards square, and the roads
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Fig. 182. Lundhill Colliery, near Barnsley. Plan showing, Bord and Pillar System in Operation
for Working the Barnsley Seam.
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about them, both “ bords ” and “endings,” are of a uniform width of 6 feet.

Pairs of levels are driven from the main-dip roads. A block of coal 150 yards
wide separates the different pairs of levels. After these levels have reached a

given distance, this 1 50-yard block is broken up into the 40-yard square pillars,

and worked back. There is this peculiarity in it, however, that only one line of

pillars is formed in advance of the line of broken. The “endings” are not quite

opposite, but one is 3 feet inside the other, to enable the rails to be turned into

the working face on either side. The workings are dry and the roads slightly

dusty, and are therefore regularly watered. No timbering is required usually in

the roads, as the top coal is left on and forms a good roof. Below the fireclay

shown on the section are 7 yards of sandstone. The “Top Bags” are left on
to support the roof, but are afterwards taken down in the pillar working.

Except for carrying the brattice, no props are used as a rule in the whole
workings. The brattice is made of wood, in lengths of 10 feet, and 4 feet broad,

overlapping in the centre and nailed to slight posts. The practice is to divide the

S coles. 1 ZFeet' to JInch

plan elevation

Lundhill Colliery. Working in the Solid Places or the Barnsley Seam.

road into an intake on the dip side, 4 feet wide, and a return 2 feet wide on the

rise side. Two men work together in a place, advancing in the solid—a holer

and a filler.

The holer cuts a shearing, A (see sketches, Figs. 183 and 184), 6 inches wide,

about 18 inches from the rise side of the place. When this shearing is in 3 feet

or other suitable distance, he wedges off the 18 inches of coal, B (see sketches),

on the rise side, and is thus enabled to extend his shearing further in, whilst the

filler holes and works off the coal in the 4 feet width on the low side of the road.

The holer places a sprag where shown on the sketches to protect both himself

while shearing and the filler whilst holing. The shearing is kept 9 or 10 feet in

advance, that portion of it which is 2 feet wide being 3 feet behind the face of

the shearing.

The men driving one of these solid places received $s. per yard, and iij. nd.
for 10 tons of coal sent out.

Fig. 185 shows the method of working the broken, and is an enlarged plan of

one of the pillars shown in Fig. 182. The judsare 8 yards wide, and are usually

carried up to the rise the whole length of the pillar. Occasionally, if more coal

is wanted, it is obtained by men commencing on the other side of the pillar, and
working downhill to meet the jud coming up.

Fig. 185 shows one jud of a pillar as being worked off, and another in the act

of being driven. The roadway is formed along the coal to one side of the lift,

and is 6 feet wide. On the waste side of the road a pack-wall, 6 feet wide at the

bottom and 5 feet at the top, is built with the 6 inches of clay-seam and debris

from the waste. The face is protected by two rows of posts besides the pack-
wall, the rows being 3 feet apart, the rear row breaking band with the front row.
The props are set 6 feet apart in the rows and are 6 inches in diameter, the lids
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over them being of hard wood 8 inches square, by 2 inches thick. The pack-
wall is added to every 3 feet, when the rear row of props is drawn and advanced
to the front, where they are again set. After the withdrawal of the rear row of

props, the top coal falls, and as much of it as can be removed is taken. Two
colliers work in a lift. They hew and fill the coal, keeping separate the various

qualities, and fix the props, receiving iij. 11 d. per score of 10 tons for so doing.

They hole 3 feet in under the coal, a foot high in front and put sprags in every
6 feet. (See Fig. 181.)

On finishing the holing and knocking out the sprags, the coal comes down.
No powder is used in the solid or broken mine. Hand riddles having a f-inch
mesh are used, the coals passing through the riddles together with the small is

Stale. 49ft feet to 1

1

nch.

Fig. 185.—Lundhill Colliery, near Barnsley. Mode of Working off Pillars in
the^Barnsley Seam.

thrown into the waste. The colliers at the face do not build the packs
;
a special

class of day-men called packers do this, and also draw the props. These men
are paid 4J. 4^. per day. In drawing props a “dog” (see Fig. 137) is used.
This “ dog ” and the method of using it have been described in the chapter
devoted to Timbering and Walling. When the props have been drawn the roof
falls quickly, but the pack-wall maintains the roadwav without any kind of timber
being placed under the roof of top coal. Occasionally the men at the face work
the coal and build the pack-wall, an I where this is done, the men receive 3 \d. a
ton beyond the usual score price. The top coal everywhere makes an excellent
roof, both in the roads and faces, and the shale over the coal is not exposed any-
where except in the waste.
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The advantage of this system over the Bank system previously adopted is

manifest. The broken does not follow closely behind the exploring places,

but the latter are carried to their destination, leaving large blocks between them,

and when these blocks are worked, it is from the inside backwards, leaving the

goaf behind.

It is true, that no amount of ventilation can dilute and render harmless such

volumes of gas as are given off at the outbursts above mentioned, and it is

probable they will occur, in every mode of working : still,

the method adopted should give the greatest possible

margin of safety. The practice of getting the coal without

the use of powder at Lundhill increases the margin of

safety.

At the Kiveton Park Colliery, near Sheffield, the Barnsley

Seam is worked by the Longwall system. The colliery

has been working coal since about 1867, the furthest

workings being about ij miles from the shaft.

The colliery consists of two shafts sunk 400 yards to the

Barnsley seam. One of the shafts is a downcast and the

other an upcast, each being 13 feet in diameter.

Only the downcast is used for winding, and for that pur-

pose it is fitted with wire-rope guides and double-decked

cages.

are landed in one shift of 10 hours, by means of a pair of

horizontal high-pressure engines, 36-inch cylinders, with 6-foot stroke. A furnace

produces the ventilation in the other shaft, which is fitted with rope guides, so that
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Fig. 187. -Kiveton Park Colliery, near Sheffield. Sprags and “ Cockermegs ” in the
Barnsley Seam.

in cases of emergency, the workmen may be raised in it, but no coals are wound.
An endless rope for driving the underground haulage, is taken down this shaft

and passed round one of Fowler’s clip pulleys at the shaft bottom. This pulley

is on an upright shaft, as also are two other pulleys of the same description worked
by clutches, driving endless ropes to different districts.

The tubs are loaded above the sides, and that they may be drawn along the

engine planes, double forks are fixed into the ends of the tubs. By this means
when the tub is loaded high, the rope rests in the higher catch of the fork, when
empty, in the lower catch. See Fig. 186.

Fig. 187 shows a section of the seam, which is here 5 feet 4 inches thick, the

coal being a little harder than at Lundhill, and used chiefly as a steam coal.

Above the coal is 20 feet of strong bind, 2 feet of which is ripped down in

the roads. Above this is a bed of black rock 6 feet thick. The thill under
the coal consists of hard “ clunch ” or fireclay, and underneath this is “ bind

”

(shale).

The seam dips to the East, the inclination being 1 in 22. Fig. 188 shows
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the method of working, which is by Longwall with the roads advancing to

the rise.

One of the roads, most suitable for the purpose, is made a “ jinney,” or self-

acting incline, and levels from it cut off the roads going to the rise every 200
yards. The distance between the stall roads is 60 yards. At each road-head iron

plates are placed, and rails for the tubs laid along the face. The tubs are
“ spragged ” in being taken down the road leading to the incline. In a 60-yard

stall two stall-men work. They are small contractors, and receive a tonnage price

on all coal sent from the stall and delivered at the top of the “ jinney.”

They employ other men in the stall. The contractors do the packing, the

timbering, and the ripping at the stall roads.

The system of building pack-walls next the roads and in the waste is similar to

that at High Park, shown in Fig. 191, and described later on.

The ripping in the roads yields material for building the packs at the sides of

the road, which is 10 feet wide. These packs are made 6 feet wide, and others

parallel to them are built in the waste of the material yielded in the holing and
fallen stones. The face is protected by two rows of 6-inch timber, carried along
the face behind the rails. The rows are 6 feet apart and a similar distance separates

any two props in the rows. As the pack-walls are built, the rear row of props is taken
down, and re-set in advance of the other row. As the props are drawn, the roof in the

waste falls. Although the stall-men have entire charge of the place, they must build

the pack-walls and place the props as directed by the deputy. Commencing at the

road-head, these men hole alongboth sides to the extremities of their stall. They hole

5 feet under the coal, the height of the holing in front being 18 inches. Sprags
are put in under the coal 6 feet apart as the holing proceeds. See Fig. 187.

Where the coal is tender, besides the sprags, “ Cockermegs ” are put in. These
consist of a sloping prop reaching from the floor, and another reaching from the

roof which hold a third prop placed horizontally along the face. See Fig. 187.

When the holing all along the coal is completed, and held in position by the sprags,

a cut or shearing is made in it at the road-head, after which one or two sprags are

taken out, thus allowing a portion of the coal to fall. As this coal is removed in

the tubs, other sprags are taken out, and more coal taken down. This process is

continued along the stall on both sides of the road until the extremities are

reached, the rails being laid forward as the coal is taken down in front. After

a holer has worked to the end of his “ bank,” he returns to the road-head,

and there begins another holing at the point from which the coal has just been
removed.
The stall-men have two fillers, and one holer, so that 5 men work in a 60-yard

stall, from which they send out daily from 20 to 25 tons of coal. No timber is

used in the roads, the roof being excellent. The timber for the face costs 2 d. to

2 \d. a ton.

At the High Park Colliery, Langley Mills, Notts, the Barnsley seam is called

the Top Hard Coal and is worked by Longwall. The colliery has been working
since about 1861, the Top Hard seam being won by two shafts at a depth of 200
yards. These are both downcast and winding shafts, one engine hauling coals

from both. Each shaft is 10 feet in diameter, and carries only one cage. Two
trams, each holding 1 1 cwt. are placed in each cage. About 900 tons a day are

landed, allthe coal beingpicked and lifted from the trams into thewaggons by hand,
and no screens used. The upcast sh ift is 12 feet in diameter and 1 16 yards deep, it

being situated 1,100 yards away (on the rise side of the measures) from the down-
cast shafts. Near it, is another upc ist shaft for a separate colliery. Each upcast
has a Waddle fan 30 feet in diameter, so placed that, should one ventilator

break down, the other can be used to draw the air from both shafts.

The fans run 70 revolutions per minute.
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Fig. 188.—Kivbton Park Colliery, near Sheffield. Plan showing Longwall Method of Working
the Barnsley Seam.
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Fig. 189 shows a section of the Top Hard Coal Seam, and the mode of propping

and spragging at the face.

The seam is 5 feet 2 inches thick, the dip being 1 in 22.

Over the seam are 15 feet of shale, 3 feet of which next the coal are taken down
in the roads. Above the shale is a bed of coal 2 feet 6 inches thick, and over

this is “ bind ’’ or shale. The thill is composed of fireclay 2 feet thick, and below

it is a dark sandstone.

Fig. 190 is a plan showing the method of working. In 1881 there were 48

stalls all in line for the daily output of 900 tons. The distance from centre to

centre of the gate-roads is 50 yards. These are carried to the rise, and are cut off

every 400 yards by a cross-cut from one of the rise roads, which is made into a

“jinney” or self-acting incline. All the coals are sent down the “ jinney.”

Three men have charge of each stall, and they at the date named had a contract

price of is. 9d. per ton for hand-filled coal, all the small being gobbed. The con-

tractors employ loaders and holers, themselves doing other kind of work necessary in

the place, including the first ripping of 3 feet in the gate-road, building the packs

Fig. 189.—High Park Colliery, Langley Mills, Notts. Mode of Propping and Spragging
Coal in the Top Hard Coal Seam.

and drawing the coal out to the first pass-bye, which never exceeds a distance of 50
yards from the face. From this pass-bye the coals are drawn by a pony to the top

of the incline, and after being let down the incline reach the shaftby a rope haulage.

Fig. 191 shows the practice of building the packs, and timbering at the face.

When a holing is begun at the road-head, the packs are within 4 feet of the face,

and there is a row of 8-inch props along the face, there being spaces of 4 feet 6

inches between the props. Norway timber props are used, 5 feet 3 inches long,

the lids over them being 12 ins. x 4 x 6, made from broken posts. The
stall-men set these props. The place being as described, the holers do their work
from the road-head along both sides to the extremities of the stall. As they pro-

ceed, sprags (A, Fig, 189) 2 feet long are placed every 6 feet. Where required

short sprags (B, Fig. 189), are put in under the coal. They are about 15 inches

long, and are fixed at irregular distances apart. The holing is carried 4 feet

in, the stall-men paying the holer is. 6d. for a fathom in length of such holing.

The holing rates are is. a fathom for 3 feet in, is. 6d. a fathom 4 feet in, and 2s. a

fathom for 5 feet. The practice here, however, is for the holer to hole 4 feet in,

and after this has stood a short time to allow the fireclay to become crushed, the

stall-man himself holes the other foot in. When the holing is completed, and the

coal kept securely up by the sprags, a cut or shearing, 2 feet wide at the outside

and tapering to 3 inches about 5 feet in, is made at the road-head. The stall-man

then takes out 3 or 4 sprags, which allows the coal they supported to fall.

This is filled into the trams, the roadway being carried along the face, as shown
at Fig. 1 9 1. Props and sets of timber are placed over the rails at intervals of

4 feet 6 inches. One end of the collar is let into the coal 3 or 4 inches, the other

end being supported by a prop. The props vary from 6 to 8 inches in diameter,

C.M.H. o
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Fig. 190.—High Park Colliery, Langley Mills, Notts. Plan showing Longwall Workinqs
in the Top Hard Coal Seam,
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and are about 5 feet 3 inches long. The collars are 4 feet long and. 5; ingl/i^
(
bjy\

4 inches in section. Having removed the coal first got, other sprags are taken
out, allowing another portion of coal to fall, which in its turn is filled into the

trams and removed, this process being continued until the end of the stall has
been reached on both sides. Before commencing to add a fresh portion of

building to the packs there are 2 rows of props about 5 feet apart behind the

props, and sets of timber over the roadway. The stall-man draws these props as

he builds the packs. The roof in places is tender and much broken, and where
this is so the packs are built of the debris from the roof, about 6 feet wide, with
intervals of 9 feet between them. The ripping of the road yields material for

packing at the sides.

The duties of the deputies in the pit are much the same as that of the firemen in

other districts. They superintend the stall-men, examine the places for firedamp,

Scale. 4-0jt feel to 11nch.

Fig. 191 .—High Park Colliery, Langley Mills, Notts. Plan showing part of two Stalls with
THE PACKWALLS, IN THE TOP HARD COAL SEAM.

attend to the ventilation, &c.
;
but, subject to this superintendence, the stall-men

set up and draw out all the timber, and rip the roads. Naked lights are used in

the workings, but a safety lamp is fixed in the highest part of the ripping, so as

to give warning in case any firedamp appears. Powder is used in ripping the

roads.

Very few props are used in the main roads, as the latter sink quickly, and in

the main levels this necessitates ripping up to the 2 feet 6 inches of coal, which
makes a good roof. The extreme subsidence takes place at a point 50 yards

back from the face. The roads being dusty are watered, but not regularly.

The method of working the Maudlin Seam, Wearmouth Colliery, Sunderland,
is by Pillar and Stall. The colliery has been working coal since 1835, but
sinking operations were commenced there in 1826. There are two shafts, an upcast
11 feet 6 inches in diameter, and the downcast 12 feet. Both are winding shafts,

and together in 1881 they raised 2,000 tons a day, the day here consisting of 24
hours. The tubs used carry 8 cwt. each. Two 4-decked cages run in each
shaft. Two tubs are placed in each deck, so that the cage carries 8 tubs. The
furnace which helps to produce the ventilation is not placed at the bottom of the

upcast, but in the Maudlin Seam, 44 yards from the bottom. It has a firegrate

area of 144 square feet, and is greatly assisted by the furnaces of 6 boilers. The
total quantity of air varies from 180,000 cubic feet per minute to 200,000 cubic
feet, being highest in the winter months, when the natural ventilation is greatest.

O 2
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The shafts prove the Maudlin and Hutton seams at a depth of 530 yards and

574 yards respectively, both seams being worked. They lie almost flat, the dip

to the East being so slight as to cause no inconvenience in carrying roads in any
direction. The working faces in most of the districts are from 2 to 3! miles

distant from the shaft, and the coals are brought out along engine planes. The
tail-rope system of haulage is adopted, and there are more than 20 miles of steel-

wire rope in daily use in the pits. In one of the longest engine planes, where the

empty train is taken in at the same time that the loaded one is brought out, there

are 126 tubs on the road at one time.

A section of the Maudlin Seam is shown at Fig. 192.

The openings in the coal are 12 feet and 9 feet wide, the pillars left being 40
yards square. No holing under the coal requires to be made by the workmen,
as the coal is tender, and the workmen “ scallop ”

it, that is, they hack it out with

picks while standing upright. In the screens used the bars are an inch apart,

Scale J 2 Feet trjInch

Gears in working place.

Fig. 192.

Gears in main road.

Fig- 193-

Methods of Timbering in the Maudlin Seam, Wearmouth Colliery, Sunderland.

and 55 per cent, of the coal got passes through the screens. There is no
objection to this, as the coal is used for gas making. The colliers do not place

their own timber at the working faces. This is done by the deputies, unless in

cases of emergency, when the collier puts up timber, which is left in his place for

the purpose. In the solid working, sets of timber are placed in the roads every 3
feet. The props are 3I inches in diameter, 6 feet high, 5 feet 6 inches apart at

the bottom, and 4 feet 6 inches apart at the top, as shown at Fig. 192. The rails

are laid in the centre of the roads between the two upright props. The collars are

made of 5-inch props split through the middle, and the half-round side is placed

next the roof.

The props are put in by the deputies as the places are being driven, and remain
in until another end is through. The deputies then draw them, after which the

roof usually falls to a height of 2 or 3 feet
;
but sometimes the fall is sufficient to

fill the place up. The pillars crumble off at the sides, owing to the tender nature

of the coal.

The Broken is worked by splitting the pillars, and bringing back the jud on
both sides. A deputy attends about 12 men, and they send out about 60 tons a

day.

The collier receives lod. a ton for hewing and filling, in the whole mine.
The roof over the coal is good, the cost for timbering being 1 \d. per ton in the

roads and solid places, and 2 d. in the pillar working.
The main roads are timbered, as they require it, with props, or sets of timber.

At some parts the sets are placed 3 feet apart, and are 6 inches square and 9 feet

long. The props in the main roads are \\ inches in diameter, 8 feet long,
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and have hard wood lids 6 inches x 7 x z\. Where the sides are good one
side of the collar is notched 6 inches into the roof, and receives support on
the other from a short prop 3 feet long, this prop being placed in a notch prepared

for it in the roof over the coal, see Fig. 193. The timbering of the main roads is

done by a special class of men called stone-men. They work in pairs, and receive

about is. for a 9-foot “ balk ” or collar, but the price varies according to the

difficulty of the task in fixing it. Two stone-men working together can put in 10

sets of 9-foot timber in a shift.

The workings are dry generally, although a little water is found in some of the

swamps, and this water is very salt, containing as much as 21 ozs. of salt to the

gallon. The roads get very dusty; they are watered regularly, and the dust

cleared up once a fortnight.

At the Silksworth Colliery, near Sunderland, the same seams are worked as at

Wearmouth Colliery. Silksworth Colliery is comparatively new, and consists of

two shafts, one of which is 16 feet 6 inches in diameter, and the other 14 feet.

Both shafts are sunk to the Hutton Seam, at a depth of 580 yards, the Maudlin
being passed at a depth of 540 yards. 2,000 tons of coal are landed daily. Only
the larger shaft is used for winding, and it is fitted up with 4 cages. Two of

these wind coals from the Hutton, and two from the Maudlin Seams. There are

two pairs of winding engines, each having 48-inch cylinders and 6-foot stroke.

The engines winding from the Maudlin Seam have 25-foot cylindrical drums
;
the

other pair of engines, winding from the Hutton Seam, have a scroll drum 13 to 28

feet in diameter. One pair of engines was made by Barclay of Kilmarnock, and
the other by the Grange Iron Co., Durham. Both are fitted with a very simple

and effective automatic variable expansion gear. Mr. Daglish, the chief viewer,

in a paper read before the North of England Institute of Mining Engineers, has

fully described this expansion gear. The cages are arranged as at Wearmouth
Colliery to have 8 tubs on 4 decks, but are here loaded and unloaded at two
levels, both at the surface and underground. The smaller shaft is used only as

an upcast. A furnace is placed in the Maudlin Seam which has 90 square feet

area of firegrate. The total quantity of air passing up the shaft is 195,000 cubic

feet per minute. This reaches the shaft by three main returns, one 100 feet area,

passing 45,000 cubic feet a minute
;
one 124 square feet, passing 80,000 cubic

feet a minute
;
and that in the Hutton Seam, 100 feet area, passing 70,000 cubic

feet. The dip is not uniform throughout the workings, varying from 1 in 18 to

1 in 6.

The following is a section of the Maudlin Seam :

—

ft. in.

Blue Metal (Roof) . . .18
Coal 58
Sagger (Fireclay) . . .02
Bottom Coal . . . . o 10

Sagger 08
Coal . . . . . .16
Blue Metal. . . . .30

The method of working is by, Pillar and Stall, the pillars being formed 50
yards square, the openings round them being 12 feet one way, and 8 feet the

other. The 12-foot wide places are commenced 8 feet wide, and after going in

9 feet they are widened to their full width, and are carried on so till they are nearly

through. When within 9 feet of being through they are reduced to a width of 8

feet, and carried to the end that width. The working is in the 5 feet 8 inches of

coal in the above given section. The roof consists of a “ blue metal ” 20 inches
thick, over which are 3 fathoms of post and blue metal mixed. Below the

5 feet
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Fig. 194.

—

Silksworth Colliery, near Sunderland, South Durham. Plan showing the
usual method ok Pillar Working in the Maudlin Seam.
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Fig. 195.—Silksworth Colliery, Sunderland, South Durham. Plan showing Pillar
Working under a good roof in the Maudlin Seam,
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8 inches of coal is a thin bed of sagger, then io inches of bottom coal, followed
by 8 inches of sagger, then 18 inches of coal, all of which are taken out in the

main roads to make height, but the coals are inferior and unmarketable, and so

are left on in the ordinary working. Below come 3 feet of blue metal, and then 3
or 4 fathoms of sandstone. The workings of the Silksworth pit are within half-a-

mile of those at Wearmouth, and although the Maudlin Seam is not quite so thick

at Silksworth, the coal is very similar at both places. The main roads are

timbered as at Wearmouth.
Fig. 194 shows the usual method of working the pillars at Silksworth. First

the 50-yard square pillar is split by means of an 8-foot place. From this split,

and also from the ending parallel to it, lifts are taken out. These lifts are 6 yards

wide, and each is carried 20 yards to the rise and 5 yards to the dip. In the two
lifts being driven at the low side of the pillar in Fig. 194, it is seen that

the portion of 5 yards to the dip, belonging to those lifts, is not taken out. That
operation would follow the completion of the rise portion of the lift. The lifts

are kept “ stepped.”

Fig. 195 shows the practice of working the pillars at Silksworth, where the roof

is good. Here the lifts are driven half-way up the pillar from both sides without

splitting it. The place is commenced 6 feet wide, leaving 4 yards of solid

coal between the road and the goaf, and is continued this width for a distance of

4 yards, after reaching which it is widened out to the waste. This leaves a
“ stook ” or small pillar, of 4 yards square, between the road and the goaf. The
lift is carried half-way across the pillar, or 25 yards, after which the props
are drawn by the deputy, and the roof allowed to fall. Two men work in each
lift in each shift, there being a fore and back shift. They are paid 8d. a ton for

hewing and filling the coal. As a fact, the lifts are taken off the pillars on both
sides of the split, as shown in Fig. 194, but Fig. 196 shows how they might
be arranged to be worked from one side only. The workmen “ scallop

”

the coal, there being no holing, and therefore no spragging. Props and “ sets,”

the same as at Wearmouth, are used, the sets being arranged with the rails

between them in the lifts, and placed about 1 8 inches apart. On the waste side

of the road three rows of 6-inch props are placed about a yard apart, as shown on
Figs. 194 and 195. There is no rule in force as to the distances apart these props

are to be placed, but there is an understanding that they are not to be more than

a yard. The deputy sets them, and when the lift is finished he draws the props

out, commencing at the inside. The hewers are out of the pit when the deputies

draw props. The 4-yard “ stook ” is then worked off and the props drawn. In

cases where the deputies cannot draw the whole of the timber without assistance,

timber drawers, who are always spare deputies, are put on to help them. These
men receive Sd. and 10d. a score for taking out the props, but this price is paid

only on whole timber, unless the broken timber is required, in which case two
broken props count as one whole one. A deputy attends to 10 or 12 men, his

duty being to set and draw timber for the men, and see that all the ventilating

arrangements are right. He works an 8-hour shift, the same as the colliers, and
during his shift visits each place twice. He receives a daily wage.
The whole-mine workings are the same as at Wearmouth. The roof over

the coal is good, the cost of timber being 2 \d. per ton.

At the Florence Colliery, Longton, North Staffordshire, the Great Row Seam is

worked by the Longwall method. At this Colliery, which is quite new, two shafts

prove the Great Row Seam at a depth of 352 yards. The pits are i2\ and 14 feet

in diameter, one being the downcast, the other the upcast. The downcast was
sunk 746 yards to the Moss Coal, which is the best Household Coal of the series,

and the sinking of the upcast to the same seam was proceeding in 1881.

The downcast is used to wind coal, for which purpose a pair of high-pressure
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Fig. 196.—Silksworth Colliery, near Sunderland, South Durham. Plan showing a Possible
Arrangement of Pillar Working from one side of the Splits, in the Maudlin Seam.
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horizontal winding engines, with 42-inch cylinders, 7-foot stroke, double beat
valves, and a 28-foot diameter cylindrical drum, are used. The engine is supplied
with an automatic cut-off, to stop the cage when it reaches the surface. Coals are

placed in the cages at levels or loading stages in the shaft, besides the bottom
;

these levels being at the Bassey, Chalky and Ash Seams, which are all worked
above the Great Row.

In 1881 a Waddle fan, 45 feet diameter, was being erected at the upcast
shaft.

Fig. 197 shows a section of the Great Row Seam, the average thickness of

which at this colliery is, however, 6 feet. Over the coal are 8 feet of fireclay, and
above this a bed of coal 2 feet 6 inches thick. Resting on this coal are beds of

fireclay and bass (hard dark shale), 8 feet thick. Above this again come 8 feet

of coal and partings, and then higher, 32 feet of “Binds, Slums, and Marls."
The thill is composed of 37 feet of “Bass, Binds, and Clod."
The seam dips 1 in 7. Fig. 198 is a plan showing the method of working.

From the pit bottom, for a distance of 350 yards, a pair of levels 10 yards apart

were driven, and, on reaching a certain point, a “ breasting" or face of coal 25

SccCLb. 12 Feet to 1 Inch .

Fig. 197.—Florence Colliery, Longton, North Staffordshire. Mode of Propping and
Spragging at the Working Face on the Great Row Seam.

yards wide was taken out, and a “gob" road formed in it 4 yards from the deep
side-rib. The stall-roads are turned out of this gob road every 88 yards, and
carried to the rise. They are cut off by a level every 1 20 yards. The faces are
“ stepped," one being 1 5 or 20 yards in advance of another. The coal is conveyed
along the main level by horses, but a “ jig," or self-acting incline works in every

going stall-road, by means of which the coal is let down to the level.

For this purpose a 12-inch wheel is placed in a fork, and the end of the fork is

passed through a prop at the road-head. A brake, consisting of a piece of iron,

is pressed on the rim of the wheel by a handle working a dumb screw fastened to

the fork. Only one tram is run at a time
;
each tram holds 8 cwts., and the

brake is just powerful enough to stop it at any point during the run. A chain is

used on the inclines, and as the face advances the wheel is easily moved
forward.

The bottom level advances, taking a “ breasting " or face of 25 yards. The
road is 6 feet wide, and on either side of it a pack-wall, 3 yards wide, is built. The
face is protected by two rows of props, which are 6 inches in diameter, the rows
being placed 4 feet 6 inches apart, with a 5! or 6-foot space between the props.

The lids used over the props consist of broken props, when there are sufficient for

that purpose. Fresh building is put in every 5 feet, the rear row of props being

drawn and re-set in advance. Sprags 6 feet apart are used under the coal. The
space between the pack-wall and the coal on the deep-side is kept open as long as

possible, but when this can only be done with difficulty, a hole is driven through
the building from the road, and a fresh air-course carried on from this point. A
chock of broken timber is fixed at the corner of each hole, and there is an
interval of about 40 yards between these holes.



t/)

1
loch.

Fig.

198.

—

Florence

Colliery,

Longton,

North

Staffordshire.

Plan

showing

Longwall

Method

of

Working

the

Great

Row

Sf.am.



204 NARROW WORK AND METHODS OF WORKING.

The stalls are 88 yards wide, and packs 3 yards wide are built parallel to

the road (which is wide enough to admit of a double road [for the self-acting

inclines) 7 yards apart all the way from one stall-road to another.

This will be seen at Fig. 199, 'which is an enlarged plan showing the packs,

timbering, &c. The packs formed next the roads, it will be observed, are wider

than those in the waste, being 4 yards. The stones obtained from the 3 feet of

ripping are used to build the packs on both sides of the roads. In every 88-yard

stall, are two stall-men, one for each side of the road. In their employ are

4 holers, 2 buttockers, and two packers.

The stall-men build the packs, set and draw the timber, and despatch the coals

down the incline to the level, for which they receive 15.9. per score of tubs of

coal

—

7s. being allowed for slack—all of it being raised. The workmen rake the

coal into iron boxes or trays 2 feet square and 6 inches deep at the one end,

Scale. lOfo feet* to Hitch,

Fig. 199.—Florence Colliery, Longton, North Staffordshire. Plan of Longwall face
with THE Gate-road and Packwalls connected with it, in the Great Row Coal.

tapering out at the other. For carrying, these have two handles, which also

enable the workman to empty the coal into the tubs conveniently. The men in

one of these stalls send out during the day, or shift, 100 tubs, each of which holds

8 cwt. Besides the score price referred to, the stall-man receives 5.9. 6d. a yard,

for top ripping and building the road packs. Any other stones required for

packs are obtained from the waste. The holing under the coal is made 4 feet in,

being 2 feet high in front, the holer placing sprags under the coal every 6 feet, as

shown in Fig. 197. The sprags are 2 feet long and 6 inches in diameter. The
holing across the stall being finished, the sprags are knocked out; the coal is then

blown down by powder. The stall-man fires the necessary shots. The coal is

shot down in advance of the point where the rails are laid, but for the convenience

of filling, the rails are kept very close up to the “buttock" or piece of coal, next

to be blown down, and advanced as required. The holers are not obliged to

remove from one side of the stall to the other, as the shots are fired, but only

those working on the side where the firing takes place. After the shot is fired,

they return to their work and continue as before. The props at the face are in

two rows, 4 feet 6 inches apart, there being 6 feet between the props forming a

row. They are from 5J to 6 inches in diameter at the thin end, and are put in by
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the stall-man, who also draws them out, using a “ dog” and chain (as previously

described and shown at Fig. 137).

The pack-walls are added to every 5 feet. Where the roof is tender, a chock
made of broken timber and set on small coal is put in. As shown in Fig. 199, a

sheet is fixed at intervals extending from the face several feet back into the waste

lying between any two of the packs, the object of which is to cause the air to

travel back into the goaf. Safety lamps are used in the workings, the responsi-

bility of examining which rests with the fireman, who superintends the stall-men,

but does no timbering.

In that part of the main level now being carried in the gob, little timber is

required, but in that section of it situated nearer the shaft where the pillars

remain, there is great side pressure, necessitating much timber.

The sets put in consist of props 8 inches at top and 7 inches at bottom,
6 feet 6 inches long, notched with the Welsh notch (shown in Figs. 155 and 156)
into an 8-inch collar, which is notched to receive the props. The sets of timber
are placed from 3 to 4 feet apart. Over them, reaching from collar to collar,

Methods of Repairing the Timber at Florence Colliery.

3-inch props are laid in the direction of the road and laggings are laid across

these. Two men work together in main-road timbering, the notches having been
cut before the timber is brought underground. In fixing the sets of timber, the

men use an iron bar called a dog. It has prongs at both ends, and when one
prop is put in place the dog is used to steady it. The other prop is then placed
in its position and the collar put on. When the parts are nicely adjusted the

whole is struck with a hammer. Many ingenious contrivances are practised at

this colliery for repairing the sets of timber. One is a set of timber in the form
of an upright “ cocker,’’ as shown at Fig. 200. The props are 5 feet 6 inches

apart at the bottom, and 4 feet at the top, while the rise of the span is 8 inches.

Again, where the Welsh timbering is broken, a diagonal strut is notched into the

prop and the collar as shown at Fig. 201.

As a third instance of repairing, where collars have been notched into the coal

without the use of upright props and afterwards broken or partly broken by the

weight on them, a short strut is put up under the point of fracture and wedged
tightly to the collar, as shown at Fig. 202. The roads are dusty, but as watering
causes the floor to rise, it is not carried out.

The roof over the seam, although soft and loose, does not require a large

quantity of timber.

At the Great Fenton Collieries, Stoke-upon-Trent, in North Staffordshire, the

Great Row Coal Seam is worked on the Longwall system. It is the same seam
as that worked at the Florence Colliery, last described. The colliery comprises
four pits, two, named the Pender and the Bourne, having been in operation since

1876, working the Blackband Ironstone and the Great Row Coal Seam
;
the other
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two, called the Homer and Sutherland, are sunk to the Ash Coal and Littlemine

Ironstone. These two have been working since about 1880. The pits are about

^ of a mile apart. The Pender Pit is 13 feet in diameter, the Bourne Pit 8 feet,

both reaching the Great Row Coal Seam at a depth of 308 yards.

The ventilation is produced by a furnace in the Pender Pit, which is fitted with

wire-rope guides, two ropes passing through the outside of each of the two cages.

At meetings, there is a clearance of 15 inches between these cages. The Pender
Pit winding engine has a 36-inch vertical cylinder, with a 6-foot stroke, and
20-foot drum. About 500 tons a day are landed.
The seam dips at an inclination of 1 in 10. A section of it is shown in

Fig. 203. The 3 feet 6 inches of top coal is left for a roof in the roads. Imme-
diately over it are 5 yards of moderately strong shale, above which again is a bed
of coal 7 inches thick. Resting on this thin bed of coal is shale. This 7-inch

bed of coal emits a large quantity of fire-damp. Forming the thill under the coal

are 4 feet of hard “sagger,” or fireclay, which rests on grey metal. In the Long-
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Fig. 203.—Great Fenton Collieries, Stoke-upon-Trent. Cockersprag, Sprag, Props, and Chocks
AT A WORKING FACE IN THE GREAT ROW SEAM.

wall method here adopted, there are 100 yards between the gate- roads. A
“ Butty ” contracts to put the coal into the waggons on the surface for a certain

rate per ton or per score. The proprietor supplies all labour and materials. In

a face of 100 yards, there are 9 or 10 holers, 4 loaders, and 2 buttockers. The
buttockers break out the coal for the loaders, removing the sprags from under the

coal for the purpose. There are also four packers whose duty is to build the

packs. Each butty has a man specially appointed to take charge of the timber.

The duties of this man are to set the chocks and draw the timber out, but the

holers set all the props necessary for their safety. The holers and packers work
during the night, but the fillers work in the daytime from 6 a.m. to 3 p.m., while

coal is being wound in the pit.

Explosives are used to break down the coal, but no shots are fired till after

10 o’clock p.m. Fig. 204 is a plan showing the method of building the packs,

timbering, &c. The roads are made 9 feet wide, and have built on both sides of

them a pack-wall 4 yards wide. There are, besides these, other packs built in

the waste, parallel to the roads, these packs being also 4 yards wide and separated

by 8 yards of space. There is no ripping in the roads, so that stones for all the

packs have to be obtained from the waste. Before commencing to hole, the

cockermegs, shown in Fig. 203, are placed all along the face. They consist of two

3-foot props, and an old 6-foot prop, the latter being held in a horizontal position

against the middle of the coal by the former, which are slightly notched into the

roof and floor. The holing is then begun and holed 5 feet in, and as the holing



GREAT FENTON COLLIERIES WORKING. 207

advances along the face, sprags are placed under the coal every 6 feet as shown
in Fig. 203, in addition to the cockermegs already fixed. The packs are kept up
within 6 feet of the face, as required by the Special Rules in force, but interposed

between the packs and the face, and placed parallel with it, are set two rows of

8-inch props, having 6-foot spaces between the props, the two rows being 4 feet

6 inches apart. The rails are laid along the face between these rows. Besides

this double row of props, two rows of timbering are placed between the pack-walls

in the waste, these being set 6 feet apart under the top coal. Each of these rows
of timbering comprises three props and a chock. The collier shears the top coal

which is supported by these props, then draws the timber out, allowing the top

coal to fall. He next sets props with a lid and a sill on the rubbish (see Fig. 136),
thus securing the roof from which he has just taken down the top coal, and he is
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Fig. 204.—Great Fenton Collieries, Stoke-upon-Trent. Plan of Longwall face in the
Great Row Coal Seam, showing Props and Chocks.

now able to work at that portion of the top coal remaining over the packs. To
obtain this coal, he holes in on the 4-yard packs, for 2 yards on each side, thus

allowing the coal to drop. All the coal over the packs is not got, but as much of

it as it is prudent to take without running risk from the roof. The props set on
the sills over the rubbish are now withdrawn with a dog and chain, by the man
specially appointed for the purpose, the chocks preventing the breaking of the

roof, which immediately follows, from reaching the face. The top coal is not

taken down in the roads, nor from over the packs formed at the sides of the roads.

See Fig. 204. In time, however, as the roof sinks, this top coal is ripped in an
arched form, leaving a good road which requires little timbering.

There is nothing special at this colliery in the manner of timbering the

main roads. Props 8 inches in diameter are used, having lids 6 inches by

5, and 2 feet 6 inches long. In some of the main roads 7-inch collars are

notched into the coal on one side and supported by a short 3-foot prop resting on
the coal at the other. The roads are dusty and are watered as they require it.

The roof generally is very good and safe to work under, requiring little timber.

At the Cannock and Rugeley Colliery, Hednesford, South Staffordshire, the

Deep Coal Seam is worked on the Longwall system. The colliery has been in
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operation since 1865, and in x 88i was working both the Shallow and Deep
seams, the former being 22 yards above the latter. The Deep Seam is the lowest

of the series in this district, and is only separated from the Silurian measures
below by a distance of 46 yards. A peculiarity of the South Staffordshire coal-

field is the fact that the Coal Measures repose on the Silurian Rocks, the Old Red
Sandstone, the Carboniferous Slates, the Mountain Limestone and the Millstone

Grit being absent. Another peculiarity which may here be mentioned is the

existence of the “Ten-Yard,” or Thick Coal Seam, which is 30 feet thick.

The Cannock and Rugeley Colliery consists of the Cannock Wood Pits and
the Pool Pits, the two concerns being separated by a distance of about i| miles.

At the Pool Pits are two shafts, each 15 feet in diameter and having 70 yards of

metal tubbing in it, preventing feeders of water equal to 3,000 gallons per minute
finding their way into the shafts. The depth here to the Shallow and Deep seams is

326 yards and 348 yards respectively. Coals are wound in one shaft, 4 tubs,

each holding 13 cwts., being placed in the cage each time of winding. The
engines used for winding are a pair of horizontal high-pressure cylinders, 32 inches

in diameter. As much as 1,051 tons of coal have been landed during a day of
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Fig. 205.—Cannock Wood Collieries, Hednesford, South Staffordshire. Section of Deep
Seam, and Mode of Propping and Spragging in a working face.

8 hours, but about 900 tons is the average daily output. A 40-foot Guibal fan, 12

feet wide, running 33 revolutions per minute, produces a current of 150,000 cubic

feet per minute, with 1*5 inch water-gauge, at the other, or upcast shaft.

The Cannock Wood pits comprise 3 shafts, 2 of which, 12 feet in diameter,

are downcasts, the other, 16 feet in diameter, the upcast. The 3 shafts, after

passing through the Shallow Seam at a depth of 178 yards, reach the Deep Seam
200 yards from the surface. The two downcasts are used to wind coal, 800 tons

being landed in a day of 8 hours. Two tubs, each holding 13 cwts., are placed

in the cage to be wound at one time. All coal is hand-picked, for which purpose

the trams are run alongside the waggons, where the coal is sorted into 7 different

qualities. Some 50 men on the pit-head sort and place 800 tons daily into the

waggons. The sorting is let by contract, the price paid being 3§</. per ton. A
Guibal fan 40 feet in diameter and 12 feet wide produces the ventilation. The
fan has 2 engines, each having a 36-inch cylinder with a 36-inch stroke, and work-

ing the fan alternately for a month at a time. The fan runs 36 revolutions per

minute, exhausting 180,000 cubic feet of air per minute, with a 1 '5-inch water

gauge. The colliers use the Williamson Safety Lamp. A borehole 30 feet in the

coal of the Deep Seam showed a pressure of gas of 35 lbs. to the square inch.

The Cannock Wood pits are situated on an anticlinal axis, the coal dipping on

either side of the shafts at an inclination of from 1 in 24 to 1 in 18. The Shallow

and the Deep Seams are both worked by the Longwall system. The practice is

to keep the workings of the lower seam 300 yards in advance of those in the

upper. This plan is found to work better than either advancing them together or

keeping the upper seam workings in front of the lower.
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Fig. 205 shows a section of the Deep Coal Seam at Cannock Wood, and the

mode of timbering at the face there. The coal is 6 feet 7 inches thick.

Immediately over the coal are 3 inches of black bat, then 18 feet 6 inches of dark

shale with thin ironstone in it, above the shale being 21 feet of white rock. Under
the coal is fireclay.

Fig. 206 shows the method of working adopted. The gate-roads are from 30
to 35 yards apart, cross-roads cutting them off every 100 yards.

ScxxZc . 3 Chains to 1 1nch.

Fig. 206 .—Plan showing Longwall Method of Working the Deep Coal Seam at the
Cannock Wood Collieries, Hednesford.

Fig. 2C7 is an enlarged plan showing two gate-roads, with the manner of

building the packs, and setting the timber. On each side of the roads the packs

are built 8 yards wide. Next these packs are 5 yards of vacant waste, then built

parallel to the roads is a central pack 6 yards wide. The road is carried 1 1 feet

wide, having a plate at the road-head, and the rails laid along the face.

Besides the Special Rules in force in the district, regulations are issued by the

manager, stating distinctly the distance props are to be set apart, as follows :

—

“ The distance for props to be apart on the face must not exceed 3 feet, and each

prop must have a suitable lid on it. The distance between the props for a tram-

C.M.H. p
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road in between must not exceed 5 feet, and a prop must be set within 4 feet

6 inches of the buttock of coal.

“ The sprags under the coal must not exceed 5 feet apart, and they must be
well set.

“ The stall-men or contractors to see that the timber is set as above, and to see

that the workmen employed by them do not work in danger.
“ The stall-men or contractors to examine the way end, and all parts of the

stall, and if there is any danger the men must not be allowed to work.

“The chain and bar must be used in drawing timber. Workmen found
endangering their lives by neglecting to use the chain and bar, or by not setting

timber to secure the roofs and sides whilst drawing timber, will be sent out of

the mine at once and summoned before the magistrates.
“ The competent men must see that the timber is set, as above, and examine

the coal, roof, gob road and wastes of each stall, and if they find any danger, to

Scalo. 4-9/2 Feet to 1 bulb.

Fig. 207 .—Cannock Wood Collieries, South Staffordshire. Plan showing Longwall Face
in the Deep Coal Seam, and the Stalls, Packs, and Props connected with it.

stop the stall, and report the same at once to the underground manager. The
underground manager to go and examine the stall, and if he finds it in a

dangerous state for want of the timber not being properly set, the stall must be
stopped until the danger is removed, and the stall-men to be fined not less than

the sum of two shillings and six pence for each offence.”

These regulations apply to the Deep Coal, and a corresponding set are framed
for the Shallow Seam, in which the props at the face must not be more than

4 feet apart and not more than 5 feet between the first prop and the building.

The coal in the Deep Seam is holed under, 5 feet 6 inches in, and is supported

by sprags placed 4 feet 6 inches apart. The sprags are 2 feet long and 8 inches

in diameter. 2 feet back from the face, a row of 8-inch props, having broken
props for lids, are set 3 feet apart parallel to the face. See Fig. 205. From the

centre of each prop on the side towards the coal, is placed a short 8-inch sprag,

at the other end of which is a lid bearing on the face of the coal. 5 feet back from
this, another row of props with lids is set, the props being 3 feet apart, and parallel

to the row in front. Close behind the last-named rows are the packs. The rails

are laid along the face between the two rows of props as shown in Fig. 207.

This method of getting the coal gives a large percentage of small coal, and an

experiment is being made in another way. This is called “ banicking.”
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Instead of holing in the bottom of the coal, or in trie coal at all, the men hole

3 feet in the shale reposing on the coal and break the coal off with crowbars.

In this way it parts at the planes of cleavage and gets into a series of steps.

This method works more satisfactorily than the other, yielding 80 per cent,

of large coal. In carrying out the system sprags are put in between the roof and
the coal.

In each stall two stall-men or small contractors, employ two holers, and two
fillers. They place the coals into the tubs, receiving is. 4\d. per ton on coal for

doing so. The holers receive 2s. 3 d. a fathom for holing 3 feet under the coal,

and for putting in the sprags every 6 feet as they go. Each of these men can
hole 2 fathoms in a day of 8 hours. The wages of the fillers or loaders vary

from 2 s. 9d. to y. 9d. per day. The stall-men set up, and draw the timber out

;

in the latter operation, they use the “ bar and chain.” The roof is bad and falls

when the props are withdrawn from under it. Part of what falls is used to build

the packs, the rest being obtained from the ripping in the roads. The stall-men rip

the roads and build the packs. The roads are n feet wide and are ripped 3 feet,

powder being used in the process. The stall-men receive 2 s. 10d. for ripping the

road, which is generally, but not always, done at night.

When the holers have finished the holing on one side of the road, they remove
to the other, the coal on the side they have left being shot down without inter-

rupting their labour.

The powder is used in cartridges
;
the drills are all made to a suitable gauge,

so that the cartridges may fit accurately the holes made by the drills. The shot-

firing is carried out by a competent person, appointed by the proprietor. Pie

superintends 8 stalls, and before commencing to drill a hole, the men consult

him. The roads are timbered as required. The sets of timber in the horse-road

are placed 3 feet apart. The props are 6J inches at the thin end and 7 inches at

the thick end, the thin end being placed uppermost. The collars are 7 feet long
and are 8 inches square. The props are 7 feet high and are placed 4 inches

nearer to each other at the top than at the bottom. In the engine planes the

collars are 9 feet long. As shown in Fig. 206, the cross-roads are not carried at

right angles to the stall-roads but on a slope. Chocks are placed at the corners

of the buildings, 9 feet long, 2 feet wide at one end, and 5 feet 6 inches at the

other, old timber being utilised in building them.

Timber costs from 3 d. to 4d. per ton, the price paid at the Colliery being

32 s. 9d. per 100 lineal feet for props not less than inches at the thin end.

The roads are dry and dusty and are watered at irregular periods.

At the Pemberton Colliery, near Wigan, in Lancashire, the Orrell Five-feet

Seam is worked by Longwall. The colliery has been working since about 1870,
and consists of 4 pits, which are separated by a short distance. They are the

King pit, an upcast, the Queen pit, a downcast, a shallow pit which is also a

downcast, and the pumping pit. Of these, only the King and Queen pits

are used in which to wind coal. The winding engines are placed between the

twro pits, the twro engines being in one house. They are similar engines, each
having a pair of 36-inch cylinders with Cornish valves. The Queen pit winding
engine has a scroll drum, the diameter of which commences at 19 feet 8 inches

and increases to 30 feet 10 inches. Its weight is about 48 tons. The cages have

3 decks and receive two tubs in each. 6 tubs, each holding 8 cwts., are thus
raised at each winding. The drum of the King pit engine on the Wigan Four-
feet rope side is 15 feet 2 inches in diameter, and that on the Cannel side is a
scroll from 15 feet 2 inches to 19 feet 4 inches.

The method of removing the stones from the coal is worthy of remark. A
band of flat hemp ropes is fastened together by iron bands and placed at the foot

of each screen. It is 14 feet long and is carried round pulleys at either end. A
p 2



212 NARROW WORK AND METHODS OF WORKING.

shaft by the side of this band is kept constantly revolving, and by means of a
clutch the band may be thrown in or out of gear with the revolving shaft. The
band is endless, and when thrown into gear moves at the rate of about 35 feet

per minute. When about to discharge the coal from a tram over the screen the

wheel carrying the band is thrown into gear. On the end of the screen are

doors, worked by a lever, which allows the coal to fall thinly on the band as it moves.
When all the coals are on it, the band is stopped by being thrown out of gear,

and two women, one at each side, pick out the stones very readily. After the coal

is well cleaned of impurities, the band is thrown into gear again, and the coals

placed into the waggon. From 100 to 120 tons are thus daily passed over each
screen, but this quantity could be greatly increased if necessary. The small coal

passes through the screen bars and is led into a pit below. From here it is taken
by means of a screw working in a trough, and is lifted by an endless pitch chain
fitted with iron buckets, like a dredger or elevator, the coal being dropped on a

screen and the duff taken out.

A Guibal fan, 46 feet in diameter and 14 feet 10 inches wide, is placed at

the top of the upcast shaft. The fan is run 36 revolutions per minute, and gives

S axle . ] 2Feet to IlncJv

Fig. 2c3.—Pemberton Colliery, near Wigan, Lancashire. Method of Timbering a Working
Place on the Orrell Five Feet Seam.

275,000 cubic feet of air with the water-gauge reading 2*5 inches. A direct-

acting pumping engine is used to raise the water from a depth of 190 yards.

Two sets of pumps are used, a lifting set in the bottom, having a 20-inch brass

bucket, lifting the water 70 yards, and the one above a forcing set with a 20-inch

ram raising the water the remaining 120 yards. The pumping-engine works 10

strokes a minute.

The Queen pit cuts the Orrell Five-feet coal seam at a depth of 566 yards, and
the Arley Seam at a depth of 626 yards. The Arley Seam corresponds with the

Silkstone Seam in Yorkshire. The coals worked in the Orrell Five-feet Seam
are not put into the Queen pit cages at the 566-yard level, but at the bottom in

the Arley Mine. They are transferred from the one seam to the other by means
of a “ blind pit,” or “ drop staple.”

One of Fowler’s clip-pulleys is placed over the blind pit at the Orrell Five-feet

Seam. A wire rope attached to one cage at the bottom of the blind pit in the

Arley Seam passes up the pit, round the pulley, and is attached to the other cage

at the Orrell Five-feet Seam. A full tub is placed in this cage and an empty
one in the other, and on lifting the brake from the pulley, the weight of the full

tram causes that cage to descend and the other to be raised. The speed is

regulated by the brake.

By this arrangement there is only one loading-stage in the Queen pit, all the

coals being brought to the pit bottom and caged there.

The Orrell Five-feet Seam is tender in its nature, and yields a household coal.

When passed over an inch screen it gives 61*3 per cent, of large coal.

Fig. 208 shows a section of the seam and the method of timbering at the face.
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The coal is 5 feet thick. Over it, as a roof, is a “ lea stone,” or laminated sand-
stone, with ironstone balls, and in the roads 2 feet of this is ripped down. The
coal rests on “ sagger,” or fireclay. Holing the coal is not regularly carried on,
but the 10 inches of coal in the middle of the seam is used for the purpose when
holing is done. The bottom coal is then lifted up, and the top coal supported on
sprags placed under it by the collier. Afterwards, on knocking away the sprags,
the top piece of coal falls. The collier sets props as well as sprags when they are
required. The props used are from 3 to 4 inches in diameter.
The seam dips at an inclination of 1 in 12, and was formerly wrought by the

Pillar and Stall method, the pillars left being from 20 to 30 yards square.
This method is giving way to the Longwall, as shown at Fig. 209, but some

pillars are still being worked off. The coals are brought from the level next the

Stale . 3 Chains to / Inch.

Fig. 209.—Pemberton Colliery, near Wigan, Lancashire. Plan showing Longwall Method
of Working the Orrell Five-Feet Coal Seam.

face to the top of the blind pit down a “ spunney,” or self-acting incline. The
stall-roads are driven to the full rise, as shown at Fig. 209, there being 30 yards

from the centre of one road to the other. Levels running at right angles cut off

the old stall-roads every 100 yards. These levels are made 8 feet wide, and have

a pack-wall 4 yards wide on each side. The stall roads or brows to the face are

made 7 feet wide, and have a pack-wall 3 yards wide on either side of them, as

shown at Fig. 210. Four men work in a stall, two on each side of the road, and
they sometimes take their own tubs of coals out to the “ spunney.” In other

instances, two men on one side of a stall employ a younger man as their putter,

and he draws the coal, and also assists to fill it.

The price paid the collier for holing and drawing is is. 3 d. per ton. The
methods of building the packs and timbering at the face are shown at Figs. 208
and 210. The latter consists in placing two rows of chocks 6 feet apart all along
and parallel to the face. The distance between the two rows is 5 feet, the rails

being laid between them for the tubs to be taken along.

As a third row of chocks is set, the rear row is drawn and shifted forward. The
drawing of the chocks is followed by the roof breaking off behind. The fireman
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sets the chocks, and for the convenience of after-removal they are built on 4 or 5
inches of small coal. They consist of billets of wood 6 inches square in section,
and 2 feet long, and are a convenient size to be quickly fixed. A fireman puts
one up and wedges it tightly in 5 minutes. He receives a daily wage, and attends
to from 20 to 30 men. The ripping is done by a contractor, and this man takes
out 2 feet from either the roof or the floor of the roads, builds the packs, which
are kept within 3 or 4 yards of the face, and draws the chocks and other timber.
For ripping and building the packs he is paid 10s. per yard; for taking out the
props and chocks he receives 2s. 6d. a score for large props, but nothing for the
small ones, and 9d. for every chock. Occasionally, where the roof is tender, he
puts up a chock, receiving 3 d. for so doing, but the fireman is expected to put in
all necessary chocks. The props which the collier puts in are removed when the
chocks are set. Very little timbering is required in the main roads. Where neces-

Scale. 40‘j2 fed to 1 1nch.

Fig. 210.—Pemberton Colliery, near Wigan, Lancashire. Plan showing Longwall Face
in the Orrell Five-Feet Seam, with Packs, Chocks, and Roadway along Face.

sary, props and lids, or sets of timber, are placed. The sets are put up without any
kind of notch. A special class of men put up the main-road timber during the

night. They receive directions from the man in charge of the night-shift as

to what repairs are necessary, &c. The roads are dusty, but are only sprinkled

with water, as a more copious supply causes the floor to rise. No blasting is done
in this seam, nor in any other at the Colliery, except the Pemberton Five-feet

Seam.
In the Pillar and Stall workings before alluded to, pillars are left 20 yards by

30, the level roads being 3 yards and the drifts 4 yards wide. In working
off the pillars, lifts, or “ratches,” 5 yards wide, are worked along the whole

20 yards of the pillar. When three lifts have been thus taken off, lifts are taken

out up-hill. Whilst a 5-yard lift is advancing up-hill a line of props and sets of

timber are kept over the road. On the waste side of the road are 3 rows of

props and lids, there being 3 feet between the rows and 3 feet between the props

in a row. The props are 4 feet 6 inches long and 6 inches in diameter at the

thick end. The lids are 18 inches x 5 x 2|, being made out of old props

or collars. In a 20-yard lift are 100 props, 3 rows of 20, and the double
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row over the road of 40. The colliers fix these props, which are afterwards with-

drawn by the fireman. As soon as the colliers have finished a lift, the fireman

does not wait till the men have gone out of the pit, but draws the props at once.

Arrangements are being made to draw the props at night, but if it is thought that

a lift will not stand till then, it will be drawn without delay. In cases where the

pillars are fallen close, a strip 3 yards wide, called a “ ribbing,” is carried to the

top of the pillar, the lifts afterwards being taken out in the ordinary way. The
cost for timbering at the colliery is id. per ton in the Longwall, and about \d.

per ton in the Pillar and Stall whole workings
;

in the Pillar and Stall broken, about
the same as in the Longwall. Pit timber at the colliery costs 25^. per 100 lineal

feet or 3 ys. per ton, and the billets of wood for the chocks cost yd. each.

At the Clifton Hall Colliery, near Manchester, the method of working consists

in first driving levels to the boundary, marking out blocks of coal into pillars, and
working back towards the shaft.

The Colliery has been working since about 1854, the Doe, Five Quarters and
Trencherbone Seams being now worked. An upcast and a downcast shaft are

"Scale. 12 Feet to 1 ItlcJo.

Fig. 211 .—Clifton Hall Colliery, near Manchester. Section of Doe Coal Seam,
and Timbering in it.

both sunk to the Trencherbone Seam. The latter solely is used for winding. The
Trencherbone is the lowest of the three seams worked, being 540 yards from the

surface in the downcast pit. All coal is caged at the Trencherbone Seam level.

A cross-measure drift is driven water-level from the Trencherbone Seam to the

Five Quarters and the Doe Seams, and the coals are brought along it. Three-
decked cages are used, and the engines are fitted with spiral drums. To over-

come the difficulty of changing tubs at the top and bottom of the shaft simul-

taneously, a balanced scaffold is placed at the bottom. The onsetter there first

changes the lowest tier of tubs
;
he then lowers the scaffold by means of a brake

and changes the other tiers. 600 tons of coal are thus daily raised.

A furnace, assisted by the steam from an underground hauling engine, and also

from the furnace of the boilers supplying steam to the engine, causes the

ventilation. The quantity of air passing up the upcast shaft is 100,000 cubic feet

per minute.

Fig. 211 is a section of the Doe Coal Seam. The seam, including the 18

inches of soft black stone and the 7 inches of dirt, is 9 feet thick, but of this the

top 3 feet 6 inches is left as a roof. This 3 feet 6 inches includes the 12 inches

of top coal, 12 inches of bad cat coal, and 18 inches of soft black stone.

Above this are 3 inches of ironstone, 3 feet 6 inches of hard, brittle (short) shale,
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and above this white metal. Under the coal are 18 inches of warren earth or

fireclay, and below this is a hard grey metal. The 7 inches of“Daugh”or
fireclay is used to hole in, and the holing2*is carried a yard in, after which the

1 foot 5 inches of top coal is taken down. The holing is continued another yard,

and the top coal over it taken down. This isjcontinued until 9 feet of bottom

coal is bared, which is then got by blasting.

The seams dip at an inclination of 1 in 3J.

The method of working the Doe Coal Seam will be understood by reference to

Fig. 212. From the extremity of the cross-measure drift between the Trencher-
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Fig. 212.—Clifton Hall Colliery, near Manchester. Method of Working the Doe Seam.

bone and Doe Coal Seams a pair of levels separated by 30 yards of coal are

driven to the boundary. Openings or cut-throughs connect the levels every 40
yards. At a point 200 yards to the rise another pair of levels is driven parallel

to the first pair, the coal between the two pairs being at first left solid. On the

lower pair of levels reaching the boundary a pair of places, separated by 30 yards

of coal, is driven out of them to the full rise from a point 200 yards back from

the boundary, and these places are continued until they hole into the upper levels.

Levels and throughers, all 7 feet wide, are then driven so as to divide or split up
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the 200-yard square block into pillars of 30 yards square. The pillars are then
worked off by taking lifts 1 2 yards wide across them, the coals being brought
down to the levels. During the time of working these pillars the next 200-yard
block outside is being split up into the 30-yard pillars, so that at no time is there

more than one range of pillars being worked.
In the levels being driven to the boundary the men get 6j. for every 3! tons of

coal left from riddling through a f-inch riddle. The levels are 7 feet wide, and
the throughers from 5 to 6 feet. The air is carried to the face of the levels by
brattice from the last througher. It is so placed as to form an intake of 5 feet

wide on the dip side, and a return of 2 feet on the rise side of the road. The
coal left on makes a very good roof, and no timber is required at the face, but
further back where this top

coal is taken down and the

fireclay up, a good deal of

timber is required, as the

road is then secured with

sets of timber. There is

no specified distance be-

tween the sets, but they

are put in where required

by the men specially ap-

pointed for the purpose.
Usually the distance apart

is 3 feet. The props and
collars used are 8 inches
in diameter, the tops of the

props being rounded to

receive the unnotched col-

lars. Where the weight on
the collar is excessive it

splits the prop down the

centre like a wedge. Rafters

are placed reaching from
collar to collar in a line

with the road, and laggings

in between the rafters. Parallel to the strike are cleavages called “ shuttles”

in the coal. Frequently these “ shuttles ” set free large blocks of coal, which fall

out into the roads, and thus constitute a source of danger.

In the pillar workings all the seam is worked without leaving the top coal on.

Fig. 213 is an enlarged plan of a pillar showing the method of taking off the lifts.

Here, one 12-yard lift has been taken off across the pillar, and another is

proceeding. A 6-foot wide road is carried up the side of the coal, and on the

waste side of the road a 9-foot pack is built of the cat coal. Two chocks are

built 6 feet back from the face and parallel to it, the chocks being 5 feet apart.

Parallel to these 2 chocks and 5 feet behind them are built other two, shown at

Fig. 213, whilst the 2 forming a third line of chocks are about to be removed.
The chocks are built of billets of wood, 6 inches square in section, and 2 feet

long, upon 4 inches of small coal. When, owing to the great inclination of the

seams, the billets do not close nicely against the roof, slips of wood are put in

between the last billets and the roof to make the required close. Between the

chocks and the face a row of props is set, and other props are put up as required
between the different chocks. The props are of larch, 3 inches thick and 5
feet 6 inches long. The lids placed over them are 18 inches by 5 by z\.

When the rear row of chocks is withdrawn the top coal falls in the

waste, and is taken out. Three men and a lad work in the place. They hew

Scale. 40/2 feet to JInch.
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Fig. 213.—Clifton Hall Colliery, near Manchester.
Plan of Lift on the Doe Coal Seam.
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the coals, fill and let them down the “ jig brow,” build the packs, and set and
draw all the timber required. They are paid 6 jr. 3 d. for getting 10 waggons, or

3! tons of coal, and 4 j. a yard for building the packs. The coal is riddled

through a f-inch riddle, and for 3! tons of small coal they receive 2 s. 6d. Twenty
per cent, of the total quantity got is small. The 3 men and lad send out about 10

tons a day. The fireman superintends these men, and sees that the necessary

props and chocks are put up.

The roof in the roads is not good
;
here the top coal is left on, but is taken

down in the waste. Timber costs 2 \d. a ton in this seam.
Fig. 214 shows a section of the Five-Quarters Seam, which is 24 yards below

the Doe Seam. The coal is 3 feet 4 inches thick with the fireclay partings

included. Of this only the 1 foot 10 inches, which is of .excellent quality, is sent

out. Over the coal is hard sandstone reaching up to the Doe Coal. The

Scale,. 72 Feet, tv 1 Jrvclv.

Fig. 214.—Clifton Hall Colliery, near Manchester. Section of Five Quarters
Coal Seam.

6 inches of “ daugh” or fireclay is used to hole in. Under the coal is “warren
earth ” or fireclay. To make height in the roads, water is put on this to render

it soft, and it is afterwards easily taken up.

The method of working pursued on this seam differs slightly from that last

described on the Doe Coal. Here, as shown in Fig. 215, instead of driving a

pair of 7-foot wide levels separated by 30 yards of coal, a face or breasting of coal

13 yards wide is driven, and a single level formed in it. This road is not carried

in the middle of the breasting, but to one side, in a manner similar to that on the

Ram’s Mine at Pendlebury Colliery, shown at Fig. 221, and fully described later

on. A building 6 yards wide is formed on the rise side of the road, and another

3 yards wide on the dip side. Between the pack and the ribside on the rise side

is an aircourse 3 feet wide, the aircourse being carried alongside the coal as the

level advances.

A similar level is driven from a point 140 yards to the rise of this (see Fig. 215),

the levels being carried thus to the boundary. When this is reached a place is

driven to the full rise between the lower and the upper level from a point 140 yards

back from the boundary. A block of 140 yards square is thus left. Com-
mencing at the face of the level this 140-yard square pillar is now worked by

lifts 20 yards wide being carried to the rise across it between the two levels. The
road is carried in the centre of the lift, and protected on each side by a facing

built of the 9 inches of inferior coal. The rubbish yielded in ripping the roads

and in holing the coal is sufficient to fill the whole space in the waste. An
aircourse is formed along the ribside. No chocks are used, but props are set

6 feet apart along the face. The props are 3 inches thick, and 3! feet long, the

lids over them being 2 feet x 5 inches x 2\ inches. The props are not set at

right angles to the floor of the seam, nor in a vertical position, but at an
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inclination between the two, so that as they afterwards sink they assume a
position more nearly at right angles to the floor. Only one lift at a time is taken
out across the pillar. The collier receives 8 .r. 8d. for 3 ! tons of riddled coal, but
he has to draw the coal to the foot of the second jig brow for this, some 200
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Fig. 215.—Clifton Hall Colliery, near Manchester. Plan showing Method of Working
the Five-Quarters Coal Seam.

ScclL&. 12Fevt to 7 ItxeJv.

Fig. 216.—Clifton Hall Colliery, near Manchester. Section of Trencherbone Coal Seam.

yards distant. He puts in all the props, and receives 3^. a yard for the pack
facings in the road. Four men work in a lift, and they send out about 7 tons of
coal a day. From experiment it is found that this seam works badly if the Doe
Coal is first worked over it. The rock roof is excellent.

The Trencherbone coal is 180 yards below the Five-Quarters. A section of it

is shown at Fig. 216. There are 6 feet of coal without any partings in it. Over
it are 4 feet of laminated sandstone; then a thin “chitter” coal 15 inches thick,
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called the California coal
;
over this, again, is a very hard red sandstone, 24 yards

thick, called the Trencherbone rock. Under the coal are 18 inches of “warren,”

and beneath this are 4 feet of “ warren,” 4 yards of shale, a thin coal, and then

shale.

In working the Trencherbone Seam in the Manchester district, boulders have

been found in the coal, in the roof over the coal, and sometimes half embedded
in both coal and roof. The Trencherbone is by no means the only seam of coal

Scale. 43fa feet to 11nch

Fig. 217.—Clifton Hall Colliery, near Manchester. Plan of Three Lifts Advancing
AT THE SAME TIME IN THE TRENCHERBONE COAL SEAM.

which has yielded these boulders
;
they have been discovered in the Arley Mine

at Burnley, in the Roger Seam of the Astley Pit, Dukinfield, in the lower coal

measures (the gannister coal or Mountain Mine) at Bacup, Lancashire. The
last-mentioned are 1,000 feet below the Arley. Some coal seams of the United

States yield boulders, having the same character and composition, and occupying
the same position in the coal seams as those in the Lancashire coalfield. As a

rule, they are hard, siliceous grits or quartzites of a pale or dark grey colour.

They vary much as to size and form, but all are smooth, and often polished, with

corners rounded off by abrasion, giving evidence of their being water-worn before

being deposited in the coal strata. These boulders are well worthy of notice,

as they have caused much speculation among geologists as to how they were
brought into their present position, and from whence. They are older than any
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rock of the Carboniferous period (one found at Bacup being of granite), some
of them are of great size, and there must have been some unknown means of

transport, to distribute them over areas so widely separated as England and
America. The whole of this interesting problem is as yet unsolved.

The method of working the Trencherbone Seam at the Clifton Hall Colliery

is similar to that of the Five-Quarters last described. The levels are driven in

precisely the same way, but the pillars are only ioo yards square, and instead of

only one lift being taken off the pillar at a time, at least two, and sometimes
three, are taken up-hill at the same time, as well as one or two going down-hill.

The collier uses a windlass to draw the coals up from those places going down-
hill. Fig. 217 shows three lifts proceeding at the same time to the rise. They
are driven 20 yards wide, the face of each being kept from 20 to 28 yards in

advance of the one behind it. The road is formed in the centre of each lift, and
on either side of the road a pack 3 yards wide is built. A double row of chocks
is kept next the face and parallel to it. The rails are laid in between the chocks,

which are 5 feet apart as shown at Fig. 217. As the face advances sufficiently,

another row of chocks is put in and the rear one withdrawn. Before proceeding

to take down the rear row, props are set around each chock. The rubbish on
which the chock was built is cleared away, and the chock knocked out at the

bottom. The props giving security round the chock are then taken out, and the

roof falls. The sprags shown in Fig. 216 are placed to prevent the coal riding

over. They are 5 feet 6 inches long, and the lids over them are wedge-shaped.
The roads are dry and dusty. Generally the roof is good, and the main roads

do not require much timbering
;
in places where the roof is bad props and sets of

timber support it, cross-pieces and laggings being placed over the collars. The
two props of a set are not of the same thickness, the one to the dip being 5 inches

in diameter, and that to the rise 4 inches. The collar is 7 inches in diameter.

It is said that an advantage arising from this system of working is the fact of

keeping the weight on the face and off the roads.

No blasting is done in the pillar working.

The Pendlebury Colliery adjoins the Clifton Hall, the two collieries belonging
to the same company. It has been working since 1848, and at present works the

Shuttle, Crumbouke, and Ram’s Mines, by means of an upcast and a downcast
shaft. The latter is 400 yards deep to the Shuttle and Crumbouke coal. At the

pit bottom, a direct-acting pump raises the water in one lift to the surface.

The upcast, Furnace, or No. 2 Pit, is used to wind coal from the Ram’s Mine.
The workmen also ride up and down it, and as it is very hot, to guard against

serious consequences through the cage being stopped by accident in the shaft, a

signal is provided by which communication is made with the pit bottom from the

cage. The onsetter on receiving such signal can open the separation doors and
let the fresh air into the shaft.

A section of the Ram’s Mine is shown at Fig. 218. The coal is 5 feet thick,

besides the 4 inches of inferior coal which is left on in the working, but taken
down in the roads. Over this inferior coal are 7 yards of blue metal, 3 feet of

which are taken down to make height in the roads. Under the coal is blue
metal. The coal is first holed in the middle at the parting, and the top coal then
taken down, and kept 3 feet in advance of the bottom coal, which is blasted. A
competent person is employed to fire the shots. In some places, the seam is

holed in the 4 inches of daugh under the coal, but this does not run continuously
through the seam. Where holed under the seam, sprags 18 inches long and
6 inches high are put in with wedges on the top.

The Ram’s Seam is 200 yards above the Doe Seam, being worked at Pendlebury
in the same way as the Trencherbone Seam is worked at Clifton Hall. An
underground hauling engine, supplied with steam from boilers placed at the
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bottom of the upcast, hauls coal up a road driven 500 yards to the dip. The
whole of this road is secured with brick arching. Levels are driven out of this

dip road. At the far end of the dip, and for a short distance along the lowest

level leading out of it, are some double-headed rails used as props, see Figs.

219 and 220. Two uprights 6 feet long support a curved crown 10 feet long
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Fig. 218 .—Pendlebury Colliery, near Manchester. Section of Ram’s Mine Coal Seam
and Timbering in it.

The uprights are set on sills, 12 ins. x 5 x 7. The crowns are curved

slightly, having a versed sine of 6 inches. To keep them securely in place, short

props 6 inches long and 6 inches thick are wedged in between the end of the rail

and the side as shown in Fig. 219. These sets of rails are fixed every 4 feet along

Seale. 49fi feet to 11nch
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PENDLEBURY COLLIERY, NEAR MANCHESTER. METHOD
of Securing Roof by Double Headed Rails.

Fig. 221.—Pendlebury Colliery, near Manchester.
Plan showing the Face of Level in the Ram’s Mine.

the level for some distance, and rafters placed over the crowns. Little or no

timber is used in the rest of the level. Owing to a fresh arrangement the

boundary line was altered after this level had been driven and the coal worked
back. It became necessary, through the boundary extension, to drive the level

on again. At the point it had been standing, the roof was tender and required

props and sets of timber to secure it at that point, but not elsewhere. The level

is driven 20 yards wide, as shown in Fig. 221. On each side of the road, which

is 9 feet wide, packs are built. The pack on the rise side of the road is 8 yards

wide, and above it is an aircourse 9 feet wide extending from the pack to the coal.

The pack on the low side of the road is 6 yards wide, and beyond the pack on

the low side is an aircourse 6 feet wide. The face is protected by 2 rows of

chocks, a row on the rise side consisting of 4 chocks and on the low side 2.
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The rows are 6 feet apart, and as the face advances sufficiently the rear row is

drawn out and set up in front. When about to draw a chock, props are set up
round it, and after the withdrawal of the chock, the props are taken out. Besides

the double row of chocks, a row of props is set up next the coal, and others again

between the chocks, as required. These props are 4 inches thick. Altogether

there would be 12 chocks and about 30 props protecting the face, but the number
of props varies. Occasionally chocks are set in the road between the rails and
the packs, at intervals of 6 feet.

The stall-man sets the props and chocks, and they are taken out by the person

who fires the shots. The stall-man receives 7s. yd. for 3^ tons of coal, and 4s. jd.

for 3! tons of small coal. The advantage claimed for this method of driving the

levels is that it is safer in a fiery mine, as the face advances more slowly and gives

the gas time to drain. The roof is fairly good, and the timber costs 2 d. a ton.

At the Sovereign Pit, West Leigh, near Manchester, the West Leigh Seam is

worked on the Longwall principle. It corresponds with the Wigan 9-feet, and
the Trencherbone at Clifton Hall. The colliery consists of an upcast and a

downcast shaft, each 376 yards deep. A pair of 36-inch cylinder high-pressure

engines, fitted with Cornish valves and having a 6|-foot stroke, winds coals in

the downcast pit. Flat wire ropes are used, the drums being 15 feet in diameter.

At the upcast shaft is a Guibal fan, 40 feet in diameter and 1 5 feet broad, the pit

being used solely for ventilation. A horizontal engine, having a 30-inch cylinder

and 3-foot stroke, with Cornish valves, drives the fan. A duplicate engine also

drives the fan, the two working 8 weeks alternately. The fan runs 35 revolutions

a minute, at which speed it exhausts 200,000 cubic feet of air per minute with
1 ’6 inch water-gauge.

The West Leigh Five-feet Seam is very fiery, and, like the Barnsley Seam in

Yorkshire, subject to su Iden outbursts of fire-damp from the floor. The gas is

emitted from a thin seam of coal 14 yards below. To lessen the danger arising

from an overwhelming discharge of this gas, boreholes are put down from the

workings, which allow the gas to pass up in smaller quantities, which may be
regulated and controlled.

In 1881 there were two such boreholes, each having a tube with two branches
on top of the borehole. A pressure-gauge on one of them indicated a pressure

from the gas of 15 lbs. per square inch.

On removing the pressure-gauge and opening the cock the gas rushed with

great velocity from the tube, accompanied by a roaring noise like that of steam
issuing from a boiler under great pressure. After allowing the gas to escape for

a few seconds, a test of the pressure-gauge showed a diminution of the pressure

equal to 5 lbs. per square inch. On closing the cock, the pressure gradually

increased again until it had attained its original pressure. During the hours the

workmen are in the pit, the cocks on these boreholes are shut and the gas not

allowed to escape, but when the men are all out, the fireman turns the cocks and
the gas issues from them for 10 hours till he makes his morning examination, at

which time he closes them for the day. There being no work on Sunday, the

gas is allowed to issue all that day, and in consequence the pressure is much
lessened on the Monday morning. The gas in a borehole, once left open during

a strike of the men, became completely exhausted
;
but on work being resumed

the gas again accumulated and issued from the borehole.

Much fire-damp is emitted from the roof also, and a fall is always succeeded
by large quantities being given off. The gas is much more explosive than ordi-

nary fire-damp, and it is almost impossible to get a cap on the lamp with it.

Three per cent, of it mixed with air and charged with dust is explosive. Mueseler
safety lamps are used by the workmen.
The strata dip at an inclination of 1 in 6.
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Fig. 222 shows a section of the seam. There are 4 feet of coal, and above it

10 inches of inferior coal. This inferior coal is left on for a roof. Over this are

19 yards of laminated tender shale. If the coal is taken from under this shale

in narrow work, the shale has a tendency to break down in gutters over such exca-

vations, and therefore makes a bad roof
;
but when the coal is worked on the

Longwall system, it makes a very fair roof. The thill is 2 feet 3 inches of shale,

under it being 4 inches of fireclay
;
then 2 feet of fireclay and blue metal, below

being 42 feet of blue metal with bands of coal
;
then the thin seam of coal before

alluded to and to which the boreholes are pierced.

The 2 feet 3 inches of shale and the 4 inches of fireclay are taken out along

with the coal. The 4 inches of fireclay are used to hole in, and the shale is taken

down to give height while the operation proceeds. Sprags 5 feet 3 inches long
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Fig. 222 .—Sovereign Pit, West Leigh, near Manchester. West Leigh Five Feet Seam
showing Props and Sprags used there.

and 6 inches in diameter are placed against the coal to prevent its riding over as

the holing goes on, as shown in Fig. 222. The holing is carried 6 feet under
the coal, after which the sprags are removed and the coal allowed to fall. The
2 feet 3 inches of shale are used to build the pack-walls at the sides of the roads,

the whole space in the waste between roads being filled tightly and closely with

rubbish.

The method of working is shown at Fig. 223. The levels are driven every 80
yards, and the stall-roads are from 1 2 to 20 yards apart. If there is too much
rubbish yielded the roads are kept more than 12 yards apart, so as to allow more
stowing room for the rubbish. The roads are not ripped. If a road sinks till

it is too low, it is not repaired but abandoned, and a level road is driven through

the gob cutting it off. This is found preferable to driving a road from the face,

because the roof having settled back in the waste, a road afterwards made in it

is easier maintained. The object of driving the stall-roads in the direction shown
at Fig. 223, rather than at right angles to the levels, is to render the gradient

easier for the tubs. One road is however always kept at right angles to the levels

and used as a “jig brow.” A chock is built in the acute angle of the building

in the road near the face. The sprags are placed every 4 feet against the coal,

the props a similar distance apart and a little back from the face between the

sprags. At the road-head are two chocks placed 8 feet apart.

The roads are secured by props and sets of timber placed 3 feet apart, and
chocks are placed at the corners of buildings where stall-roads are turned. Some
of the sprags have an iron band 1 f inches wide and § inch thick on either end,

to prevent their splitting. These last much longer than those not so protected.

A blacksmith puts rings on 30 props in a day.
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Two colliers work in a 20-yard stall, each having a working face of 10 yards
from the road. Each employs a drawer. The collier receives is, 4d. per ton
for large coal and is. per ton for small. For this he holes the coal, sets the

sprags, gobs the rubbish, and delivers his coal at the bottom of the jig brow. Of
the coal got 95 per cent, is large.

A collier sends out an average of 7 tons of coal in a shift of 9 hours. Special
contractors put in the packs and chocks. They are paid 6d. a ton on the coal
sent out for building the packs, setting and drawing the props and chocks. The
roads from the pit bottom inwards are under their charge, and they work on them
both by day and night. Four-fifths of the work is, however, performed during es.

day time. There are two pairs of contractors in the pit, one to each set of facthe
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Fig. 223.—Sovereign Pit, West Leigh, near Manchester. Plan showing the Method of
Working the West Leigh Five-feet Seam.

Each pair employs 18 or 19 men to look after a face 700 yards in length. There is

a proportion of one of these contractor’s men to 3 colliers. About 85 per cent,

of the faces work on end. In the pit are 74 colliers, who send out 400 tons of

coal a day. About 53 of these employ a drawer, and 21 draw their own coal.

Their working day extends from 5 a.m. to 3.30 p.m. One overman directs

operations in the pit, in which, besides the workmen, 7 horses are employed.
The cost for timber at the face is \d. per ton.

The price paid for ordinary pit timber at the colliery is gs. 8 d. per 100 lineal

feet, and is. 3 \d. per cubic foot for larch. The roads are not dusty, but some-
what dry.

At the Radstock Collieries, Somersetshire, the thin seams of the Radstock
group are worked on the Longwall system. The Somerset Coal Measures con-
sist of two productive coal series, divided by a thick mass of almost unproductive
hard grey sandstone and grit called Pennant. It is from 2,000 to 2,500 feet thick
and separates the upper or Radstock from the lower or Ivingswood and Bristol

series of coal seams.

The upper series is locally subdivided into two groups, the upper group con-

c.m.h. o
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stituting the coalfield of Radstock and Camerton, and the lower the coal district of

Farrington, Parkfield, and Coalpit Heath.
Similarly the lower series is subdivided into two groups, an upper one worked

at Kingswood and Newbury, and a lower one worked at one time at Vobster and
Twerton, and at present around Bristol.

The upper or Radstock group of the Coal Measures attains a thickness of

about 1,000 feet and contains six workable seams varying from i foot to 2 feet

4 inches each in thickness. Those 1 foot thick are called thin at Radstock, and
those two feet thick and upwards are called thick .

Between the Radstock and Farrington groups is a mass of red shale about

150 feet thick, making a very marked line of division. The Farrington group
averages 750 feet thick, and contains six workable seams of coal.

The Pennant contains two or three workable seams.
In the lower series there are about twenty-six seams in its central area, decreas-

ing to seven in the northern area. In the Nettlebridge valley, the coal measures
of the lower series are from 3,000 to 3,500 feet thick, whilst in the Kingswood
district they average 2,700 feet, and in the Bristol district 2,000 feet.

The total thickness of the coal measures is at least from 6,000 to 7,000 feet.

A peculiarity of this coalfield is that four-fifths of the whole of it is covered by
newer formations, resting unconformably on the coal measures. These newer for-

mations consist of New Red Sandstone, Lias and Oolite, and the coal seams worked
under have their outcrops hidden by them. The New Red Sandstone, Lias and
Oolite are nearly conformable to each other, and at Radstock are found almost flat.

At the base of the New Red Sandstone, there is a conglomerate, locally called
“ Millstone,” which is believed to correspond with the Magnesian Limestone in

the North of England. It consists of blue stones, which in size vary from half an
inch to a foot thick, bedded in a red matrix. The stones have a rounded, water-

worn appearance. This conglomerate is extremely hard and impervious to water.

A pit in beingsunk to the coal measures first passes through the overlying formations,

and in the New Red Sandstone large quantities of water find their way into the

shaft. These are pumped out until the conglomerate is reached, when the water

is “tubbed back.” The wedging crib is laid in the conglomerate and the metal
tubbing run up through the water-bearing strata.

Whilst the newer formations are almost free from faults, the coal measures
beneath present a marked contrast. Faults, varying in size from a few inches to

a hundred fathoms, are found running through the district in every possible

direction, the seams of coal lying in disconnected pieces between, sometimes
level, at others at angles more or less inclined up to vertical, and even folded

back with the floor of the seam uppermost.
An anticlinal axis at Kingswood divides the coal measures into two basins,

the Northern or Gloucestershire being the smaller, and the Southern, constituting

the Somersetshire, the larger basin.

The most remarkable of all the faults is the Overlap or Slide Fault of Rad-
stock. This fault displaces the seams of coal vertically about 36 fathoms, and
some of the pits sunk have proved the same seam twice, thus multiplying the

coal seams in the shafts. In the manor of Radstock where the workings have

been carried against this Overlap Fault and the facts carefully ascertained, the

amount of folding over or overlapping of the seams varies from 120 yards on the

highest of the 6 workable seams to 330 yards on the lowest.

The Radstock district yields a beautiful variety of fossil plants.

The method of working the six seams of the Radstock group is shown at Fig.

224. The bottom seam of the group lies more than 300 yards below the surface.

No pillars are left either to support the shafts or the levels. Where the coal is

taken out at the shafts, strong arching is thrown over to secure the road. Owing
to the disturbed nature of the ground, levels are not carried from the shafts as in
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most districts, but cross-measure drifts or “ branches ” are continually being driven

to win pieces of coal lying between faults.

Fig. 224 shows the method pursued where the seams are rising 1 in 3J, which
inclination prevails over a certain area. The roads going to the full rise out of

the bottom level are from 35 to 40 yards apart. One of them is made into an
incline, the top or bottom being ripped for the purpose, and it is at first made 6

feet high. The other rise roads are only made “ topple height” or about 4 feet.

A level out of the incline on either side cuts off the old topples every 100 yards.

The levels are made 6 feet high. When the face has advanced 100 yards, another
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Fig. 224.—Longwall Method of Coal Working in the Upper Series of the Somersetshire
Coalfield at Radstock.

incline is made above the lower one. The coal is taken out for 5 or 6 yards below
the bottom level, as shown at Fig. 224.

Two colliers and a lad work together in a road, and their operations are confined

to 20 yards on either side of it. Open lights are used throughout, no firedamp
having ever been seen in the Radstock group of seams.

The men hole in the soft shale either above or below the coal, as may be most
convenient, and use wedges afterwards to get the coal. Very little spragging under
the seam is done. The coal, after it is holed under 3 feet for a considerable distance,

being of a hard unyielding nature, requires wedging before it separates from the

roof. The colliers set their own props, a double row being used along the face

with lids or “ traps ” over them. There is no rule as to the distance apart of these

props. They are 3 or 4 inches thick, and vary from 1 foot to 2 feet 6 inches long

according to the thickness of the coal. The boy working with the two men hauls

the coal out on a sledge or a board along the face to the road-head. The lad

doing this work is called a “carting boy,” and his sledge a “put.” He brings

the coal 20 yards from either side of the road, and in the case of the bottom level

he is expected to haul 30 yards from the high side, and 10 yards from the low
side of the road if required.

The “ carting boy ” fills the sledge, or, when he has large lumps, a board, and

Q 2
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by means of a “ guss ” and chain hauls out his load. The “ guss ” is a rope band
worn round his middle, the chain is suspended from it in front, and a “ crook ” of

iron is used for readily hitching it to the sledge or board ring. The chain is passed
between his legs, and he goes on his hands and knees in a “ thick ” seam, but
serpent-like, clutching at the props with his hands and bearing against them with
his feet to help him on in the thin seams.

From the road-head larger sledges, which are piled up much higher than they
can be along the stall, are taken out to the top of the incline by “ twin boys/' or
boys running in the “ twinway.”

A small pulley is secured at a road-post or at one of the sleepers, and a chain
passed round it, with one end attached to the back part of the loaded sledge near
the road-head, and the other to the front end of the sledge at the foot of the
topple. Only one tramway is laid in the topple, and that not of iron rails but
wooden “ crease/’ It is made similar in shape to the tram rails for keen-edged
wheels, but in being laid is reversed, the vertical part being placed outside the

horizontal. The sledges are shod with iron, and this “ crease ” forms a groove
in which they slide, without running on wheels down steep places. When the loaded
sledge is started at the top of the topple it proceeds slowly, followed by the
“ twin boy ” till it comes into collision with the empty. The latter is then turned
on its side and dragged on a yard or two whilst in this position by the full sledge
in its farther descent. When it is clear of the loaded sledge the twin boy turns

it over fairly into the “ crease ” and then leaves it to follow the load down as the

empty proceeds upwards. At the foot of the topple, the sledge is “ carriaged.”

A carriage is a skeleton frame running on wheels, made for the reception of the

sledge. The twin boy pushes the carriage sufficiently away from the foot of the

topple for a large board or stage to be dropped over the rails (iron) running along
the level road, and called a “ twinway.” The carriage is then brought against

the board, their upper surfaces being nearly on a level when so placed, the

sledge drawn from the foot of the topple on to the board, and from there

placed on the carriage. Here it is run out to the incline, where it is taken

off the carriage and let down the incline accompanied by and attached to two or

three others without wheels. A double line of wooden rails is used in the incline,

and to prevent the lumps of coal dropping off the puts which are piled high, a

chain is passed over them. At the foot of the incline the coal is transferred into

tubs and taken out to the shaft by horses.

The top shot down in the roads is used to build the pack-walls on either side.

These are mere facings, and the rubbish made in holing is stowed in the gob.

In a thin seam, the waste will not hold all the rubbish, and some of it is loaded

and sent out to the shaft. The thick seams hold their own rubbish, and in cases

where it is not sufficient to closely fill the waste, it is thrown into “ tumps,” that is,

it is built in the waste with alternate spaces and rough packs. The collier

receives a rate per ton, which varies according to the thickness of the seam. He
sets all his own face timber, and throws his rubbish back. He also rips the road

and builds the packs there, but for doing so he receives in addition to the tonnage

rate on coal a yardage price in proportion to the height he makes the road. The
carting boy is not paid by the collier, but he and the twin boy both receive a

tonnage price, varying in the one case in proportion to the thickness of the seam,

and in the other to the distance the coal is taken. Timbermen are appointed who
receive a daily wage for withdrawing the props at the face and building the tumps.

A large number of the props are not recovered. When they are, they are struck

out by blows from a hammer, and not by a “ dog ” and chain. The roads crush

very much after being made, and require frequent shooting down to maintain them
at their height. Sets of timber are used in the main roads. They are placed

without any kind of notching, and are of various sizes according to the difficulty

of keeping open any section of the road.
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No cogs are used at the face or in any of the main roads.

In those areas where the seams lie flat, or at an easy inclination, instead of the

puts used in topples all the roads are made 6 feet high and the horse takes the

tubs to the face. If a pit at Radstock raises 150 tons of coal in a day of 8 hours,

it is considered good work, but it must be remembered that rubbish is hauled as

well, and the natural disadvantages to contend with are very great. The shafts

are small, usually not exceeding 8 feet in diameter.

At the Kingswood Collieries, near Bristol, the seams of the lower series are

worked by Longwall.* The seams are steep and have a bad roof, making them
expensive to work.

Fig. 225 is a plan showing the method of working the Great Seam or Vein at

Kingswood, the seam being about 4 feet 6 inches thick here. From the bottom,
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Fig. 225.— Longwall Method of Working the Great Vein of the Lower Series in the
Somersetshire Coalfield at Kingswood, Bristol.

or main level, “hatchens,” as they are called, are carried to the rise. At the

corners of these hatchens, packs 4 feet square are built as shown in Fig. 225 on
either side of the road. These points are made filling places, plates being placed

so that the tubs can be pushed in round the corner clear of the rails. The top is not

shot down in these hatchens, but the coal is brought down in one of three ways,

determined by several conditions such as, inclination of the hatchen, scarcity of

boys, &c. First, where lads are not employed, the coal is let down in shoots, and the

supply of coal through it into the tubs is regulated by a hopper. Secondly, by making
the hatchen a self-acting incline, a small pulley being used round which the chain

passes and the pulley is shifted as the face advances. Thirdly, by lads taking
“ sleds ” up and down. In this case a chain is secured at the top of the hatchen

and lies in the middle of the road, the lads using it as a hand-rail to pull by in

ascending the road, and to act as a “ drag ” in bringing the loaded “ sled ” out.

After being driven 44 yards, the hatchen intended for an incline is ripped and
the rails are laid, a drum is fixed at the top, and the hatchen becomes a “ Gug ”

or incline. A level road, one on each side from the top of this incline, cuts off

the old hatchens from the lower level.

The levels are ripped right into the face, by one shift of rippers following two

shifts of colliers. The face in a level road is carried 9 yards wide, 5 yards above
and 4 yards below the road

;
the pack on the rise side is built 4 yards wide, and

that on the deep side about 3 yards.

The packs built on each side of the hatchens vary from 3 to 4 yards wide.

From the lower side of the main level a cross-cut is turned to the low side, and

* See Transactions, North of England Institute of Mining Engineers, vol. XXVII., pp. 96-97.
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continued parallel with the main level as soon as there is room enough to give 5
yards of coal on the rise side. This cross-cut (not shown at Fig. 225) is ripped
and packed precisely the same as the levels. Its chief use is as an intake for the
air going inbye.

Two colliers work in one place. The air, after circulating round the face, passes
into a higher district or by a cross-measure drift or branch into the overlying seam,
called the Thorofare, on which, the roof being excellent, the returns are carried.
The Upper and Little Toad Veins are worked in a manner similar, differing

chiefly in the length the hatchens are carried, which are 80 yards in the former,
and 60 yards in the latter seam.
The roof of the Great Vein is so bad that the main roads are carried in the

Little Toad Vein, and these roads are connected to the Great Vein workings by
cross-measure drifts of 120 yards in length as occasion requires, the roads on the
Great Vein being then abandoned and allowed to fall.

At the Allanshaw Colliery, Hamilton, Scotland, the Ell Coal Seam is worked by
the Pillar and Stall or “ Stoop and Room ” method.
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Fig. 226.—Allanshaw Colliery, Hamilton, Scotland. Section of the Ell Coal Seam.

The colliery has been working since about 1876, and consists of an upcast and
a downcast shaft, each being 234 yards deep to the Ell Coal Seam. The shafts

are circular in form, although the usual practice in Scotland is to sink rectangular

pits, and then to divide them into two compartments, one for each cage
;
or if a

set of pumps is to be placed in the shaft, it would have three compartments, the

additional one being for the pumps. The Allanshaw pits are each 13 feet 6

inches in diameter. In 1 88 1 the downcast solely was used for winding, although

a pair of horizontal, high-pressure winding engines, with 26-inch cylinders and
5-foot stroke, had been placed at each shaft. At present (1890) each shaft is

used for winding. Single decked cages, each carrying one tub or hutch which
holds a ton, are used.

A Guibal fan 20 feet in diameter and 5 feet wide, exhausts the air at the upcast,

and runs 40 revolutions per minute. At this speed it gives 40,000 cubic feet per

minute with * 5-inch water-gauge. About 450 tons of coals are landed in a 10-

hour day.

Fig. 226 shows a section of the Ell Coal Seam. There are 7 feet of coal, which
parts badly from roof and thill or pavement. Over the coal are 4 feet of indurated

fireclay, above which are 20 feet of rock. The pavement is composed of fireclay

6 feet thick.

Fig. 227 shows the method of working. The pillars are 20 yards wide by

30 yards long. The openings round them are 9 feet wide the short way and
12 feet wide the long way. The short way of the pillar faces the cleavage or

cleat. The seam lies very flat, the dip being 1 in 20 to the North.

In the solid workings on a 12-foot wide place, a row of props or trees are set
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up 5 feet apart, on each side of the roadway, The collier puts up these props, and
he is obliged to place them so that they are not more than 5 feet apart, whether
the roof is good or bad. The trees or props are \\ inches in diameter at the thin
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Fig. 227.—Allanshaw Colliery, Hamilton, Scotland. Plan showing Pillar and Stall
Method of Working the Ell Coal Seam.

end, and cost at the colliery ys. 3 d. for 100 lineal feet. Two men work together

in one place. Their practice, after the coal is holed, is to shear down one side of

the coal and put a shot in the other, blowing out the coal. Open lights are used
in the solid workings, and the colliers fire their own shots. They receive a

tonnage rate for large coal, and another for dross or small, which includes

payment for the timbering.

In the broken mine, the pillars are worked off in lifts of 5 yards. Three men
work together in a lift. They hew the coal, place it in the hutches, and set up all
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the timber. The colliers working off the pillars, or “ stooping,” as it is called in

Scotland, use “ Scotch gauze ” lamps, and no blasting is allowed. The rails are laid

in the road to about 3 feet from the coal, and a row of props set 3 feet apart,

between the rails and the coal. On the waste side of the road are placed rows of

props 14 inches apart, and about 3 feet between the rows. These trees are

4-2 inches in diameter and have small lids, 6 inches square and 1 inch thick, over

them. Three men draw the timber from a lift, one of whom must be the fireman.

In compliance with the Special Rules, he draws the props in the afternoon when
his examinations are completed. Two of the men strike out the trees by blows
from a hammer, whilst the third removes them to a place of safety on a timber
tub made for the purpose. In a lift containing 300 trees, it takes about 3 hours
to draw the timber.

At the Cowdenbeath Collieries, in Fifeshire, the Dunfermline Splint Coal Seam
is worked on the Longwall system.
The collieries have been in operation since about 185 1, the work at present

being carried on at three shafts, the Nos. 3, 7, and 8. The last two are downcasts,
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g. 228.—Cowdenbeath Collieries, Scotland. Section of the Dunfermline Splint Coal Seam.

and the No. 3 an upcast. The upcast is J of a mile distant from Nos. 7 and 8

which are within 120 yards of each other. All the pits are of a rectangular

form; No. 7, being 17 feet x 10; No. 8, 14 feet x 6; and No. 3, 14 feet

x 5|. The No. 3 Pit is 216 yards deep to the Dunfermline Splint coal, whilst

No. 7 Pit is 270 yards deep to the same seam; and No. 8 Pit is 180 yards deep
to the Lochgelly Splint and Parrot Seam.
A Guibal fan, 24 feet in diameter and 8 feet broad, is placed at the upcast shaft.

It is driven at 60 revolutions per minute, and gives 50,000 cubic feet of air with

1*3 inch water-gauge.

Heavy pumping machinery is erected at both Nos 7 and 8 Pits. The
No. 7 Pit pumping-engine raises 800 gallons of water per minute, and that at

No. 8 Pit raises 600 gallons. All the shafts are used to wind coal in, the total

landings being about 800 tons a day. In 1881 the following seams were

worked at the No. 7 Pit : the Dunfermline Splint 4 feet 6 inches thick
;
Five-

feet, 4 feet 8 inches thick
;
Mynheer, 4 feet thick

;
and the Lochgelly Splint and

Parrot Seam, 12 feet thick. The strata dip to the North at an inclination varying

from 1 in 6 to 1 in 3.

Fig. 228 shows a section of the Dunfermline Splint Seam. There are 4 feet

10 inches of coal. Resting on it are 1 5 inches of “Cash,” or soft shale, used by the

colliers to hole in. Above this is the roof, composed of shale, which is 12 feet
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thick, and over this is rock. The pavement is freestone, about 6 feet thick. The
shale over the seam makes a bad roof.
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Fig. 229.—Cowdenbeath Collieries, East Scotland. Plan showing Longwall Working of the
Dunfermline Splint Coal Seam.

Fig. 229 shows the method of working this seam. The levels are driven on
end, or nearly parallel with the planes of cleavage, and the faces advance against

the cleavage. The roads to the rise are driven at right angles to the levels, and
they are turned every 14 yards from
the level. Level roads cut off the

rise roads every 60 yards.

The men draw the coals from
the faces to the wheel-braes or

inclines, thence they reach the shaft

by self-acting incline planes. Cut-
chain inclines (fully described in

Chapter VIII. of this work) are

used to let the coals down from
the upper levels to the main wheel-
braes.

It is found better in working the

seam, to step the wall faces, keep-
ing them 5 yards in advance of each
other as shown at Figs. 229 and 230,
on account of the heavy bad roof.

The weight is thus confined to the

limit of each wall, and the roof settles down more gradually than when a straight

line of face is kept.

Two men work in a place, and besides hewing the coal, they put up all

props, chocks and build the packs. They send out about 5 tons in a day of

8 hours, and receive 2s. a ton on large or round coal. Powder is not used in

working this seam. Under the direction of the fireman, the colliers set their

props where they think they are most required, there being no specified distance

between them. The roof is so bad that withdrawing the props is dangerous and
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Fig. 230 .—Cowdenbeath Collieries, East Scotland.
Plan showing Face of Longwall Working in the
Dunfermline Splint Coal Seam.
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most of them are left in. The props are 3! inches in diameter, the lids over
them being of broken props. The “ cash ” obtained in holing is used to build

the packs, but it makes poor buildings, and, to strengthen the packs, chocks, 6 feet

square, made of props and filled inside with rubbish, are placed on the sides of

the roads, as shown at Fig. 230. When the roads are finished and abandoned,
these chocks are taken out.

The fireman visits each place three times during his shift, and although he sets

up no timber himself, directs the colliers to do so where he thinks they are

necessary. The main roads are secured by props and sets of timber, or gears

placed at no specified distance apart, but at distances considered necessary. The
roof being bad makes the cost of timbering high. The cost per ton on round
coal is 5d., the price of pit timber at the colliery being 5^. per 100 lineal feet.

In the working of Thin Seams the most advantageous system is the Longwall,
and an arrangement of roads should be designed to suit the inclination of the

Scale*. 3 Chains to 1

1

nch*.

Fig. 231.—No. 1 Mode of Working Thin Coal Seams in Northern France and Belgium
ADOPTED WHERE THE INCLINATION DOES NOT EXCEED THIRTY DEGREES.

seam or seams to be worked. The cost of working must of necessity be higher

than in the case of thicker seams. Still, thin seams are successfully and
remuneratively worked both in Great Britain and in other countries.

In Northern France and Belgium three different systems of working thin seams
are employed.* No. 1 system, shown in Fig. 231, is an arrangement for seams in

which the inclination does not exceed 30 degrees. Roads are carried to the full

rise out of the chief level, the distance between these rise-roads being from 12 to

14 yards. The faces follow each other in step-like order, as shown on the

drawing. At first the coal is taken down each of these rise-roads by means of a

small self-acting inclined plane. When the faces have advanced a certain distance

a new level is turned, which cuts off all the longer inclined planes, except one or

two, which are retained as main roads. The lower level is at the same time

advancing and opening out fresh ground, thus supplying more working faces.

The main roads are ripped, and on the inclined planes tubs carrying 10 cwt. are

used. A full description of the self-acting inclined plane in operation here

is given in Chapter VIII. of this work.
No. 2 system, shown in Fig. 232, is suitable for seams whose inclination ranges

from 30 degrees to 60.

In this case, a succession of faces, in step-like order, are driven. These faces

advance in the direction of the strike of the seam, not towards the rise, as in the

No. 1 system. Where the seams are so highly inclined and the face advances to

* See Transactions, North of England Institute of Mining Engineers, vol. XXVII., pp. 174-180.
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Fig. 232.—No. 2 Method of Working Thin Coal Seams in
Northern France and Belgium, adopted where the In-

clination ranges from Thirty to Sixty Degrees.

the rise, getting the coal is attended with a considerable amount of danger to the

colliers, as large masses of coal fall out upon them during their work. A
considerable loss arises, too, from the fact that the loosened coal lying on the floor

slips downwards towards
the waste by its own weight,

and portions become lost

amidst the rubbish.

In the No. 2 system,

however, the danger and
loss referred to are avoided.

A reference to the sketch

shows that the tramway is

laid along the main level,

and any coal loosened by
the collier, or accidentally

falling, rolls along the face

to the tramway, where its

progress is arrested. It is

afterwards filled into the

tubs and sent out. Each
face is 20 yards long (mea-
sured along the slope), and
four men work in it. For
their own comfort and con-

venience these men place

pieces of board across the

floor horizontally from prop
to prop, by this means re-

gulating and controlling the

descent of the coal along
the face.

No. 3 system is suitable

for seams in which the in-

clination varies from 60
degrees upwards.

The work here is stepped
out into a series of faces

one above the other. Each
face is 6 feet high, and
forms the working place

of one man, as shown in

Fig. 233. In this arrange-

ment of steps the lower

workmen are in advance of

the higher, so that each man
is protected against danger
of anything falling on him
from above, by the ledge

of coal projecting 6 feet be-

hind where he is working.

The refuse yielded in working the seam and the inferior coal are thrown back
behind the colliers, to fill up the waste. Where the seam does not yield sufficient

rubbish to pack the goaf, the workmen stand upon scaffolds, formed by placing
planks horizontally across the props.

The whole range of work consists of about a dozen steps, and at the bottom

Fig. 233.—No. 3 Method of Working Thin Coal Seams in
Northern France and Belgium, adopted where the In-
clination VARIES FROM SlXTY TO NINETY DEGREES.
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there is a level road, to which the coals descend by means of small shafts

or “ chimneys/’ These chimneys are formed vertically in the goaf, by timbering

with square frames and longitudinal poles, and are provided with a kind of sluice

at the lower extremity. As the colliers hew their coal it is filled into the nearest

chimney, to be afterwards withdrawn from below by the putters, who bring tubs

under the chimneys, and for a time remove the sluice, thus allowing sufficient coal

to rush into the tubs to fill them.

In many instances the seams of coal have been tilted over through more than a

right angle, so that what are properly the floors of the natural beds have become
the roofs.

As the floors are very friable, it is necessary to supplement the ordinary timber
frames in the chimneys with poles, or lofting, and also with brushwood and
wickerwood. This renders the cost of timbering high, sometimes as much as

is. yd. per ton. It is a matter of great difficulty to maintain the timbering
in proper working order.

Excessively Thick Seams are often difficult to work, and require special

methods according to the thickness of the seam and the inclination at which
it lies.

In South Staffordshire, where
the Dudley Thick or Ten-yard
Coal Seam is found over a con-
siderable area, a method of work-
ing called “ Square Work ” is

sometimes adopted. The seam
varies from 25 to 36 feet in thick-

ness. The main road from the

shaft, called a gate-road, is carried

in the lower coals of the seam, and
is ventilated by means of a sepa-

rate air-head or drift of small

dimensions, opened in the coal

either to the side of or above the

gate-road. From the gate-road

(see Fig. 234) the main work-
ings are opened, called sides of work, consisting of a square of 50 yards or

more, with a narrow bolt-hole 8 yards long, connecting the gate-road and the

sides of work. Stalls are then driven across and forward in the lower coals,

leaving square pillars of about 10 yards in the side, to support the roof, and where
the unsoundness of the coal or roof appears to require it, additional supports

in men-of-war pillars of 3 or 4 yards square are left.

Sometimes these sides of work, instead of being 50 yards square, are larger, and
in the form of a parallelogram, the longer side being parallel to the gate-road.

To get the upper divisions of the seam, the men have to stand on the coal already

cut, or on light scaffolding. As this process goes on, the rubbish and timber stop

the communication to the first opened bolt-hole, and a narrow road is driven from
the gate-road up the middle of.the rib of coal between the two sides of work, and
other bolt-holes cut through at intervals.

The pillars in the square-work are at the finish thinned till the roof falls, when
the side is abandoned.

This seam being very liable to spontaneous combustion, dams are put into the

bolt-holes to exclude the air from the small coal.

The coal seams of Dombrowa, in Poland, are of great thickness, and dip at a

considerable angle. They form an extension of the seams of the Upper Silesian

Scale. 3 Chains to 1 1nch.

Fig. 234.—Plan showing South Staffordshire
Square Work.

A A, Gate-road ;
B, Bolt-holes

;
C, Pillars.
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basin at Zabrze and Myslowitz. The coal is dry, very inflammable, and unfit for

coking. The slack is of little use, and is liable to give rise to spontaneous com-

bustion. A special method is required to get the coal as large as possible. At

Scale,.3 CKaitua to ilnctv

SECTION

PLAN

Section and Plan illustrating the Working of Highly Inclined Coal Seams of great
THICKNESS AT DOMBROWA IN POLAND.

Nowo Labenzky and Chieshkowsky the seam is from 52 to 59 feet thick, the dip

varying from 1

5

0
to 40°. The method adopted at these places will be understood

by referring to the accompanying section, Fig. 235, and plan, Fig. 236.

The seam is shown dipping towards the shafts at an inclination of 40°. From

FLOOR
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the shafts, two water-level stone drifts, A B, on the section and plan, Figs. 235 and
236, are driven 33 feet apart vertically, which reach the coal seam at B. From
this point the water levels are continued right and left along the course of the

seam, keeping close to the line of intersection with the roof, and preserving their

relative positions, B C and B D on plan. The higher one of these is used as a

main drawing road, while the lower serves as a drainage and return airway. At
intervals, varying from 2.60 to 360 feet, rise headings (B F on section and E F
and G H on plan), are driven in pairs to the full rise of the seam and parallel to

each other, about 23 or 26 feet apart, but of unequal section, the larger ones
being afterwards converted into self-acting inclined planes, while the smaller are

used for ventilation and as travelling roads, being deemed safer to traverse by the

workmen than the main inclines. In driving these headings, a thickness of 3 feet of

coal is left next the roof as shown on section, the roof over the coal seam being a black

carbonaceous shale often very combustible, and even liable to spontaneous ignition.

From the top of the rise headings, F on section, and F and H on plan, a road is

driven right and left on the roof side, F J, F K, and H J, H L on plan, and the

coal is divided for working by driving headings across to the floor of the seam at

regular intervals out of these roads, leaving pillars from 40 to 43 feet thick

between the headings F M on section and F M, N O, &c., on plan. These
headings crossing the coal seam are from 8 to 10 feet in height, the coal being

worked in stages about 13 feet thick. A thickness of solid coal of at least 3 feet

is left as a temporary roof to support the waste of the upper stage previously

worked out, as shown between F M and P R on section. Working the pillars is

commenced in the centre of the panel formed between any two of the inclined

planes, after removing the roof coal by bringing back the pillars from S on plan

in a direction parallel to the cross headings to J for a breadth and length of

20 feet and a height of 13 feet, the working face being protected by timber props.

A part of the pillar working is shown at S J on plan. When the pillar has been
worked off the timber props are withdrawn so as to allow the roof to comedown,
and if necessary, where the posts are tightly held, charges of dynamite are used

to liberate them. Before removing the timber, however, a layer of small wood
and props is placed on the floor, forming a kind of cushion, which distributes

the pressure of the fallen rock and waste over the surface of the next lower

stage. In this way the floor, which in due course becomes the roof of the lower

stage, is sufficiently coherent to be kept up by the use of timber props.

It is usual to work three stages at different levels at one time
;
while the pillars

are being removed in the uppermost, the headings are driven in the one below,

and the roads corresponding to F J, F K of the first stage on plan, are being

driven in the third out of the rise headings E F, and G H.
By this method the coal, being always supported on a firm bed, is not liable to

crushing, and thus one of the principal causes of spontaneous combustion is

avoided. In case of fire, the pillars, being only 40 feet wide, give facilities for

extinguishing the fire. In order to obtain the full benefit of the method the

excavations formed by the first four or five stages at the top should be closely

packed, so as to have a protecting cushion for the workings against falls of rock

from sides of the old excavations.

About 65 per cent, of the total quantity raised by this method is large.

In the coal mines of Upper Silesia, seams of coal varying fromj 20 to 30 feet

thick are worked.*
The principal seam at the Konigin Luise Mines near the village of Zabrze,

near the frontier of Poland, is called the Schuckmann Flotz, and varies in thick-

ness from 19 to 26 feet. At the Von Krug shaft it is 23 feet thick, is in one

* See Transactions, North of England Institute of Mining Engineers, vol. XXVII., pp. 190-193.
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solid bed without bands or partings, and being of anthracitic quality is unsuitable

for coke-making.
The method of working this exceptionally thick seim is shown in Fig. 237.

It is first divided into blocks of 220 yards by 14, with the necessary cross-holings

for ventilation, by driving a preliminary network of roads in the lower portion of

the coal, viz., next the floor. These roads are driven 8 feet square in cross-

section, and the pillars or blocks formed lie with their longer sides parallel to

the strike of the seam. Two or three men, assisted by boys, work together in
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each of these roads. The 220 yards by 14 block of pillars is next removed by
taking a series of lifts 5 yards wide at a time, across the pillar, towards the rise,

and taking all the coal to its full height of 23 feet. In order to get the coal, the

colliers stand at different elevations on ladders, and the roof is supported by
means of long timbering reaching from the floor to the roof, lofting being placed

over the uprights. When a lift has advanced right across the pillar and is holed

into the gallery beyond, it is finished, and as much of the timber as possible

withdrawn. Two lines of these trees are, however, always left, one along the

lower side of the lift, designed to protect workings coming from the dip against

an influx of stones from the goaf, and another line up the near side of the lift,

intended to give protection to the next succeeding lift.

Besides these precautions, it is frequently necessary to leave ribs of coal several

yards in thickness, so that a considerable loss attends the working of this thick

bed, besides which the coal left behind is liable to spontaneous combustion.

Five men work together in a lift, assisted by three boys who separate the large

and small coal by means of rakes, and fill it into the tubs, which they afterwards

take out. It is the duty of the colliers to set the timber.

At the Mines at Kladno, in Bohemia, a thick seam of coal from 23 to 37 feet

in thickness is worked.
The method of working in the first instance, is similar to that pursued in the

mines of Upper Silesia. Here the preliminary network of roads driven in the

lower portion of the seam, divides it into a series of large blocks, having their

longer side parallel to the strike, the dimensions of each of which are from
60 to 100 yards long by 10 yards wide. The seam contains two bands of stone,

one of which is 3 feet and the other 6 feet above the floor. The roads in the

preliminary work are driven of the height of the upper band, and are, therefore,

6 feet high. A more intricate, but also more economical process of working the

pillars, is practised than that adopted in Upper Silesia.

First, a stall, about 4 yards wide, is driven across the pillar, under the upper
band, as shown in Figs. 238 and 239. The stall is not commenced at the

extremity of the pillar, but a safety rib, of 2 or 3 yards in width, is left towards

the goaf. This stall is rendered secure by timbering with stout 6-foot posts.

After advancing across the pillar it holes into the road beyond, which is the goaf.

The colliers then by a backward movement extract the safety rib, and also bring

down the whole of the 20 or 30 feet of coal overhead. This is effectually done
by removing the props with which the stall was timbered. When it is desired to

bring down a quantity of top coal, firemen come to the stall and place cartridges

of dynamite near to the top of several of the posts. The safety fuses attached to

the cartridges are then lighted, and the men retire to a safe place. When the

dynamite explodes, the posts are blown out, and the coal in the bed overfalls with

a tremendous crash. The colliers work in companies of two, and they have little

more to do than fill the coal thus brought down : they can get from 1 5 to 20 tons

a day.

Thick seams may also have the ordinary methods of Longwall and Post and
Stall applied to them. The seam would be taken out in a number of different

lifts formed of layers parallel to the stratification, the top being worked first and
the roof allowed to subside on the coal. A 1 2-foot seam might be divided into

two 6-foot lifts, an 18-foot seam into three, and so on. After an interval succeeding

the working of the first lift the second might be proceeded with, but some time

should be allowed to elapse between.

The author is indebted to the Council of the Mining Institute of Scotland for

permission to extract from their Committee’s Report “ On Methods of Working
and Timbering at the Face.” The descriptions given of Celynen, Risca, and the
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Fig. 238.

Fig. 239.

Plan showing Method ok Working a Thick Coal Seam at the Kladno
Mines, near Prague, Austria.

SECTION THROUGH A.B.
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Ocean Collieries, South Wales
;
the present method of working Lundhill, and

Kiveton Park, Yorkshire; High Park, Notts; Wearmouth and Silksworth,

Durham; Florence and Great Fenton, North Staffordshire; Cannock and Rugely,

South Staffordshire
;
Pemberton, Lancashire

;
Clifton Hall, Pendlebury, Sovereign,

near Manchester
;
Allanshaw, Hamilton, Scotland

;
and Cowdenbeath, Fifeshire,

are extracted from their Transactions as given in vol. III. pp. 51 to 124.

This chapter will now be brought to a conclusion with a few questions and
answers having reference to the working of coal seams, &c.

Question 45. In a seam of coal worked by Longwall the coal is of a soft

nature—whether would you work on plane or end ? Why ? How would
you keep the weight off the face ?

It is generally advisable to work coal of a soft nature on end, because it carries

the weight better and is produced in better-shaped and larger blocks, while the roof

is not so liable to fall, owing to the weight crossing the natural planes. To keep
the weight off the face the back timber should be drawn.

Question 46. Suppose you have a seam dipping to the South, and you meet
with a downthrow fault on the East level, which way would you turn the road

to get to the coal ?

The road should be turned towards the North or in the direction of the rise as

may be seen by the sketch, Fig. 240.

Question 4 7. Suppose you have a seam dipping to the South and you meet

with an upthrow fault on the East level, which way would you turn to get to

the coal ?

The road should be turned towards the South or in the direction of the dip, as

may be seen by the sketch, Fig. 241.

EAST LEVEL

Fig. 241.—Driving through a Fault.
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Question 48. In a road where the inclination is 1 in 7, a fault of 10 yards
down is met with

;
what is the shortest length of level stone drift necessary

to gain the coal ?

The length of the stone drift would be 10 yards downthrow fault x 7 the dip
of seam = 70 yards, and it may be driven either from the point where the fault

was met with or from a point “out bye/’ as shown on sketch, Fig. 242.

Question 49. In driving the West levels in a seam of coal dipping to the

South at the rate of 1 in 6, an upthrow fault of 15 yards is met with, what
would you do to recover the coal ? If driven through, what length would the

driving be ?

I should drive in the direction of the dip or towards the South until cutting

the coal, keeping the driving as truly water level as the West levels already

driven were. The length of such driving would be 1 5 yards upthrow x 6, the

dip of the seam, = 90 yards. See sketch, Fig. 243.

WEST LEVEL

Fig. 243.—Driving through a Fault.

R 2



CHAPTER VIII.

UNDERGROUND CONVEYANCE.

Rails used on Main and Minor Roads— Construction of Tubs—Inclination suitable for Main
Levels and Self-acting Inclines—Arrangement of Rails and Friction Rollers on Inclines

—

Blocks at the Bank -head—Ramean’s Safety Catch for Inclined Planes—M order’s Safety

Catch—Method of Fixing the Incline Drum—The “Seizer'* placed at the Foot of Inclined

Planes—Accidents on Self-acting Inclines—Arrangement for Stopping Run-away Tubs down
Inclines— Cut-chain Haulage on Inclines— Counterbalance Tram for Inclines—Different

Systems of Engine Planes—Direct Haulage—Tail-rope—No. i Endless Rope—No. 2

Endless Rope— Endless Chain—Signals on Engine Planes—Size of Hauling Engines
necessary—Compressed Air as a Motive Power—Compound Hauling Engines—Determina-
tion of Gradient for Horse Road and Inclined Plane—Calculating the Friction of Tubs.

Engine-planes, self-acting inclines, and other main roads are laid with heavier

and longer rails than the branch roads, which are only used for limited periods in

the workings. The heavier rails weigh from 24 to 40 lbs. per yard in from 12 to

18-foot lengths, laid on sleepers, generally of larch from 3 to 4 feet long by
from 5 inches X 2J, to 6 inches x 4. Within the last few years steel

sleepers have been introduced very largely, especially on main engine roads, and
have proved a great advantage. The rails in the workings are usually laid in 3
or 6-foot lengths, and weigh 16 lbs. per yard for small trams, increasing in weight

where heavier trams are used.

The size of tub used will depend upon the height of the seam to be worked, and
it may be made of wood, iron or steel. A very common form is to have oak
framing below, the bottom and sides being made of J of an inch or an inch oak or

elm, the sides being strengthened by straps of iron. A drawbar of iron or steel passes

the length from end to end, secured to the framing, and this bar has a hook at one
extremity and a coupling chain at the other. If the tub has vertical sides, the

wheels which are flanged are placed below, and are from 8 to 1 2 inches in diameter,

but when the tub is narrower at the bottom than the top, the wheels may be set

outside, and be from 15 to 18 inches in diameter. They may be made to turn on
the axle or with it, the latter being the better plan if the roads are straight and the

tubs are not run at a high speed, but where there are curves in the road, the loose

wheels work better, particularly if a high speed round the curves has to be main-
tained. The axles are usually about ij or ij inches in diameter.

Fig. 244 shows an ordinary type of colliery tub with iron or steel-tody,

timber-frames, and cast-steel wheels and axles as made by Messrs. Thornewill

and Warham, Engineers, of Burton-on-Trent.

The tubs are strongly, yet lightly made, and of a carrying capacity varying

from 5 to 20 cwts.

The sides and bottom are connected by an internal angle-iron frame and the

top edges are stiffened by a flat iron-frame, both being riveted to the body-
sheets. The wood-frame is bolted to the body and provided with cast-iron open
bottom chocks to receive the axles secured by bolts. A draw-bar and links for

coupling tubs together are fitted to the frame. The wheels are of a special

quality of cast-steel and secured to the axles.

Tubs are made by Messrs. Thornewill and Warham of various sizes and types

to suit the requirements of the different colliery districts, some being wholly of
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wood, with iron-bands and fittings, others are wholly of iron
;
some have closed

ends as that at Fig. 244, others have one end open with two iron bars across.

In some districts tail-boards are used on the tubs in order to admit of filling

and emptying them easily. Where tubs are subjected to heavy work arising
from steep inclinations and undulations, or from passing through ill-kept, muddy
and water-logged roads, the

wear and tear are excessive,

and necessitate frequent re-

pairs. At collieries where
these circumstances prevail,

it is found more economical
to have tubs made wholly of

wood, with iron bands and
fittings, being easier to repair

than those having iron or

steel-bodies which are bulged

out of shape by getting off

the rails and striking the

rough and uneven sides of

the roadway when in rapid

motion on inclines, or else-

where. Fig. 244.—Colliery Tub.

For the removal of hot

ashes from a ventilating furnace or boiler-fires under-ground, an iron or steel tub

must be used.

To make the resistance equal in both directions along the main levels, assuming
the empty tub to be 3 cwt., the loaded one 12 cwt., and the friction to be ^ of the

weight, the inclination would have to be 1 in 133. This rise would give the most
advantageous effect to horse power, but it is usual to give a less inclination to the

main levels, viz., about T
3
g of an inch per yard, or 1 in 192, in order to win as

much coal as possible to the rise of the levels.

The lowest gradient at which a self-acting incline will work depends on the

state of the road and the load, but even under the most favourable conditions the

Fig. 245 .—Self-acting Incline.

gradient requires to be about 1 ^ inches per yard, or 1 in 28. Tubs to carry from
6 to 9 cwt. of coal weigh about 3 or 4 cwt., and the larger tubs in proportion

;

they may be taken to weigh from \ to J of the weight of coal they carry. The
gauge of way varies according to the tub used from about 22 to 36 inches.

Where the output is large, and horses are employed, it is necessary to have two
lines of rails on the main roads—at least for some distance from the shafts.

Where there is only one line of rails, there should be good sidings at frequent

intervals, which greatly facilitate the inward and outward tram transport.

Self-acting inclines may either have a double line of rails laid, or a single line

from the bottom to the lower ends of the “ meetings,” from which suitable points

are laid, leading to the double road, and at the top end of the meetings 3 rails are

laid to the top of the bank, as shown in sketch, Fig. 245.

The advantage of the incline, as shown in the sketch, is, that a narrower road
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will do for it throughout its course, except the “ meetings,” than where a double
line of rails is used. This is sometimes important where the sides and roof are
bad, or the incline is driven as a stone drift. A rope or chain may be used on the
incline, but a rope is preferable, and a drum or a sheave maybe used for it to run
on. A drum is more suitable on steep inclines, unless the sheave has some
gripping arrangement in the groove, such as Fowler’s clip pulley. A brake for

regulating the speed of the trains is applied to the ring on the drum or sheave, and
may be a piece of wood fixed in a lever, or an iron strap gripping a half or the
whole of the periphery. The rope may be in one, having 3 or 4 coils round the
drum, and one end attached to the tubs at the bottom of the incline, and the other
to the loaded ones at the top, or there may be two ropes on the drum, coiling in

different directions. Friction rollers, to carry the rope, should be laid at intervals

of 8 or 10 yards throughout the incline. In laying the rails, long sleepers are

used above “ meetings,” to fasten the 3 rails to. At the lower end of meetings the
points are of peculiar construction, being movable on a pivot, and are self-acting,

the full train in descending placing them in proper position for the ascent of the
rext empty train. The full trains of tubs are thus placed alternately on each side

of the incline. A common means of communication between the bottom and top

Fig. 246.—Bank-head Stops.

of the incline is by a rapper wire, having attached a hammer at the top and a lever

at the bottom of the incline
;
when the rope is attached to the empty tubs at the

bottom, the attendant there “ raps ” or signals to the attendant at the top, who,
when the full train is ready, secures the rope at the end of the set, and lets it down.
Blocks or stops are placed at the bank-head as a safeguard against tubs running
down before all is ready. Fig. 246 shows one form of these blocks. They con-
sist of two pieces of wood about 9 inches long and 4 inches square, each moving on an
upright pivot. When in place, as shown by the solid lines on the sketch, Fig. 246,

they form a stop to the loaded tubs coming out, and when the attendant wishes to

let the tubs down the incline, he knocks the stops aside with a hammer, as shown
in dotted lines, thus leaving the rails clear of the obstruction previously existing.

For large trams stronger “chocks ” are required.

More elaborate safety catches for inclined planes have been devised than the

form of chock just described.

Mr. Ramean’s catch consists of a bent lever, having two unequal arms, placed

flat on the ground and turning round a vertical axis situate about its middle. It

is placed parallel to the tramway and at such a distance that at least one of

the ends always bars it, and the short arm is next the side of the inclined

plane. As the empty tub reaches the top of the incline and passes forwards, its

front wheel touches the long arm after the hind wheel has passed the short arm.

The apparatus then blocks the way. When desired to have another run on the

incline, the attendant, in pushing the tub upon the same tramway, is stopped by
the bent arm, and before he can pass on with the tub, he must push the arm
back with his foot. Each road must have a safety catch placed on it. It is

stated to be cheap, simple, and effective.

Another safety catch is that of Mr. Mortier. It consists of an axle with

attached levers, placed in the axis of the tramway and supported upon the
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sleepers. The axle is movable, and in its two extreme positions, one of the

two levers clears the tub axles, thus allowing the tub to pass, and in the other the

same lever stops the tub axles. In the middle position assumed by the axle, both

levers bar the passage of the tub. The empty tubs, in passing up the incline,

work this catch automatically. This is done by sloping off the external edge of

each lever, and the levers are thrown over by the axles of the tub. When the

attendant wishes to pass a full tub downwards he removes the lever obstructing

the way by means of a pedal provided with the apparatus. It is said that the

catch cannot be put out of order either wilfully or by neglect.

The drum fixed at the top of the incline for the rope to coil on is supported in

its position by timber. Two uprights are securely set in the floor and roof, and

the drum turns upon bearings fixed in these uprights.

Besides the safety catches described, which are fixed at the top of the incline,

an additional safeguard is a “ Seizer,” shown in Figs. 247 and 248, and this is

Fig. 248.—Ground View of Seizer.

placed at the foot of the incline. It consists of an iron arm bent in the shape of

the letter L. This arm is carried by means of bearings from the point where it

is bent. When in position to prevent a run on the incline, a bar of wood, which

may be protected with strips of thin iron, is moved round horizontally at one end,

the other being secured by an iron pivot round which it moves, until it assumes

a position under the L piece, which may be held back with one hand during the

operation. The horizontal portion of the L, on being let go, rests on the bar.

A large link is placed in the middle of the short-linked chain at the end of the

incline rope, and this link is now dropped over the upright portion of the L.

This is done each time immediately after the descent of the full tubs, and
the link remains on “ Seizer ” until the empty tram is attached. Should the

attendant at the top, through any mistake, push the full tubs over the top of the

incline with the rope attached before the empty trams at the bottom are ready,

their further descent is arrested so long as the link remains on Seizer, as the bar

under the L piece holds it and the chain at the end of the rope securely in

position.
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When the attendant at the bank foot has attached the rope to the empty trams,

he gives the bar under the L a blow with a hammer, causing it to resume its

position clear of the L shown by the dotted lines, Fig. 248. The L then drops
into the position shown on the drawing in dotted lines in Fig. 247, and in so

doing the large link of the chain falls free from the L piece. The attendant

at the foot of the incline then signals to the top. As shown on the drawings,

a slight hole is prepared under the floor level in which the L swings, and
the bearings are carried on a slight timber frame prepared for it.

Many accidents occur at collieries where stops of the description shown in

Fig. 246 are placed at the top of self-acting inclines, and these alone are relied

on without the further safeguard of a “ Seizer ” at the bottom. The danger of

this arrangement is increased where no regular attendant is placed in charge at

the bank top, and where, consequently, each putter or twinboy (after reaching the

bank top with the loaded tub he has brought from the workings), lets it down the

incline. In some instances the loaded tub reaches the top of the incline by a

road the inclination of which is not sufficient for the tubs to be spragged, and yet

is too great for the putter to reach the bank head quietly without using con-

siderable force in holding back the tub. In Somersetshire, the practice is to wear
a rope band round the waist, from which hangs a short chain at the front of the

wearer. A “crook” or short rod of iron with a hook at each end, bent in

opposite directions like the letter S, is used to attach the end of the chain to the

tub. On approaching the bank-head, as over other steep parts, if the road

traversed is irregular in gradient, the putter hitches his crook and then holds the

tub back, placing his feet (frequently naked) firmly against the sleepers to give

him a foothold and considerable holding-back power. Frequently the stops,

through forgetfulness, are not placed in position at the bank-head, and if then

the putter reaches it as now described (having full confidence that the stops are

rightly placed), the tub may pass these before he is aware of it, and directly

afterwards continue over the brow of the incline, which perhaps has an in-

clination of 1 in 3, and anyhow is much too steep for the putter to longer control

the tub he is attached to. Overpowered by, and unable to disengage himself

from it, as the tub increases its speed, he is thrown from his feet and dragged
along till the tub reaches the foot of the incline or is more quickly stopped by
getting off the rails in the incline. Many fatal accidents from this cause have

been recorded. Others occur from runaway tubs down inclines where the

attendant omits to attach the rope at the top before knocking out the stops, and
so causes an accident. Accidents on inclines may also be produced in other ways.

Figs. 249—251 show an arrangement which may under some circumstances be

beneficially applied for guarding against accidents from runaway tubs down
inclines, although no appliances of this kind are intended to supplant the care

and vigilance which are essential at inclines as, indeed, at all other underground
positions.

To an ordinary cross-bar, A, Figs. 249 and 250, are attached a strong pair of

jaws, E. A piece of railway metal is then taken, the length of which should be

about i| times the height of the incline at the place it is to be fixed. A hole is

drilled through the jaws, E, and also through one end of this piece of metal, a

pin being afterwards passed through these holes. Through another cross-bar, D,

is passed an eye-bolt carrying two swinging plates, C, and near the bottom of

these plates is placed a cross-piece from one to the other on which the piece of

railway plate, B, rests when up out of the way ready for use, see Fig. 251. A wire

is attached to the bottom of the plates, C, which is carried to the bank-head a

suitable distance from it. A lever is attached to the wire at the bank-head, by
means of which, if the incline man should happen to let any tubs run down the

incline without having attached the rope, he may by pulling it give motion to the

plates C, which then take the position shown by the dotted lines, the consequence
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is that the railway plate drops into the position shown by the dotted lines on to

the middle rail of the incline, if the appliance is placed above meetings, or

between the two rails if placed below meetings, thus effectually stopping the tubs

from running any further.

The apparatus is simple, and may be placed in one or more positions on the

Fig. 251.

Arrangement to Stop Run-away Tubs on Self-acting Inclines.

incline, according to the length of it, and the same wire may communicate with

all from the bank-head.

In Fifeshire a very curious arrangement of self-acting inclines is in force,

called the Fife system of Cut-chain haulage on inclines. These “ cut-chain

inclines ” cannot be worked advantageously unless the inclination is from 1 in 3
to 1 in 6, and it is found in practice that the greatest distance which will work
effectively on a gradient of 1 in 4 is from 60 to 70 yards.

Where the system is adopted, the winning place which is to be the inclined

plane, must be carried wide enough to have a double line of rails laid throughout.

It is driven in the direction of full “ rise,” and level roads are turned out of it on
either side every 15 yards. At the point of turning the level roads, a platform

consisting of two cast-iron plates each 3 feet square is placed, to turn the tubs

upon, and there are four movable rails for joining the lines on the incline when
required.

Tubs may be run from the top of the incline or from any of the branch roads

on the incline.
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The method will be best understood by reference to the accompanying plan,

Fig. 252. A main chain reaches from the bottom, F, to the top of the incline,

passing round the wheel at B, and so far the system resembles the ordinary
self-acting incline. Tubs may be attached to the main chain at B, and run in

the ordinary way. In addition to the main chain, short or “cut” chains are

Scale, 100 Feet tv 1 Inxh*.

Fig. 252.—Fifeshire System of Cut-chain Haulage on Inclines.

used between the top of the incline and the different branch roads. The cut

chains are shown on the plan, one from B to C, another from C to D, and a

third from D to E.

If desired to run tubs from the top of the incline, the cut chains are not used,

but rest on the floor between the rails. At each end of the main chain, and also

at the lower end of each cut chain, is a link, see Figs. 253 and 254; and at the

upper end of the cut-chains there is a hook shown in Fig. 255. When it is desired

to run tubs from the branch, C, the hook of the cut-chain
-

is attached to the link

of the main chain at B, and the link upon the lower end of the cut-chain

is connected to the draw-bar of the tub to be let down. After this connection, a

chain is continuous from F to the top of the incline, round the wheel there and
down to C. The movable rails on the incline at C having been lifted, the full tub

is put over at C, and runs to the bottom F, the empty tub being taken up from
F to the plates at C.

An even number of runs must be made from each branch at a time
; 2, 4 or

more may be made, but if only 1 or 3 be made the cuts cannot be put together
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to allow the next branch at D to run, unless it be possible to put the “cut” across

to the other side of the incline to be connected. The roadways being wide,

frequently require a row of props between the two lines of rails, and where this

is so, it prevents the cut-chains from being readily thrown across from one side to

the other. By an even number of runs at a time the cuts may be easily adjusted

for other branches.

During the time of the runs from C, the cut-chains between C and E, rest

on the floor between the rails.

If desired to run from E, the cut-chain from D to E is attached to the cut,

CD above it, which again is attached to the one, BC, above it, and the letting

down is similar to that described at C. The same operation is required when
running from the branch D.
When the heading or winning place has advanced 60 or 70 yards, it becomes

necessary to set off either to the right or to the left, whichever may be most

link (side view)

Fig. 253. Fig. 254.

HOOK

Fig. 255.

Hook and Link used on Cut-chain Inclines.

convenient for siding room, and drive another incline at A. When there is a

second incline, as at A, above the other, two tubs at a time may be run from F
to B, to supply the incline A.

In order to regulate the speed of the tubs, a friction strap is fitted upon the

wheel, and a wire attached to the handle is carried down the incline to the lowest

branch, E, so that after putting over a tub at any branch road, the person in

charge of it can stop it, or regulate its speed by pulling the wire which brings the

friction strap into action.

On the Continent, where the coal seams are highly inclined, a somewhat
curious arrangement of self-acting inclined plane prevails. It will be understood

by reference to Fig. 256. The road is laid with four rails, the outer pair of

which forms the gauge for a sort of tram, upon which is built a horizontal plat-

form. Upon this platform the tub, whether full or empty, is carried.

The inner line of rails forms the gauge for another tram, which is long,
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narrow, and heavy, and acts as a counterbalance. This counterbalance tram is

made so low that it passes underneath the other at meetings. The two trams
are attached to ropes which are wound on a drum placed at the top of the incline.

The weight of the full tub in descending is sufficient to raise the counterbalance

;

the latter, in turn, being heavy enough to pull up the empty tub.

At large collieries for the most part, the underground conveyance is by means
of engine planes. Although hand and horse putting may be very useful over short

distances, and self-acting inclines work very economically, the circumstances of all

collieries having long flat or dipping roadways leading from the shafts, or long
roadways of varying gradients, demand some system of haulage by machinery.

Few collieries are so favour-

ably circumstanced as to re-

quire no haulage by ma-
chinery. In the improbable
case of a pit sunk in the

bottom of a basin, the haulage

would be the cheapest pos-

sible. In most cases the coal

has to be hauled a consider-

able distance, and in some for

two or three miles. In many
collieries a portion of the field

lies below the level of the pit

bottom, but may not admit of

a road dipping uniformly all

the way to reach it. Steam
engines for underground con-

veyance may be placed under-

ground, and the steam be
either generated on the sur-

face, and conveyed to them,
or the boilers may be placed

underground close to an upcast

shaft. It is probably the better

plan to have the boilers all

together on the surface. The
smoke passing up the upcast deteriorates the shaft lining, and it is obnoxious in a

pit used for the ascent and descent of workmen. Moreover, it is highly objec-

tionable to have large underground fires in a fiery mine, and a source of great

anxiety in any. Whatever system of rope haulage is adopted, the engines may
be placed either on the surface or underground, but the engine for driving

an Endless Chain should be placed underground. A chain is about three

times as heavy as a rope of equal strength, and it adds very much to the

power of an engine to have the additional weight in a deep shaft. Another
objection to chains being in the shaft is that they are more liable to break
than ropes.

Again, where compressed air is used as the motive power, this may be generated

above ground and conveyed to the hauling engines underground. The system
of haulage may be direct with one rope, which the weight of the empty tubs is

sufficient to run back, or it may have a double line of rails, the empty train of

tubs in that case slightly assisting the full train, or it may be by tail rope
}

which necessitates the use of two ropes, one to pull the loaded tubs out and the

other to draw the empty tubs in. Then there is the endless rope system, which is

capable of two applications, first with the haulage rope below the tubs, and

Fig. 256.—Counterbalance Arrangement ok Self-acting
Inclines in the Steep Measures of Northern France
and Belgium.
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secondly with the haulage rope over or by the side of the tubs. There is also the

endless chain system.

Direct Haulage.

—

To apply the direct system it is necessary that the fall

from the shaft be more than 1 in 30 to overcome gravitation
;

it need not be a

uniform dip, but no part of the road should have a less inclination than 1 in 28.

The engines for hauling the loaded tubs up this incline may be placed vertically

or horizontally: single or double engines may do the work : the drum or drums
may be placed on the crank shaft, or may be on the second motion with spur

wheels. The best form is undoubtedly a pair of horizontal engines, and if the

speed required is great, the engine should work direct as in the ordinary coupled
winding engines; but if the speed desired is low, the advantage of spur gearing is

that it enables a smaller engine to do the work. A decision on this point will

be governed somewhat by the speed of piston in the engine. Mr. Percy’s rule is

to allow a piston speed of 350 or 400 feet per minute for an intermittent haulage
as this would be, but for one running continuously it should not exceed 250 feet

Fig. 257.—Friction Roller on Engine-plane.

per minute. A speed of six miles an hour on the average may be safely taken,

and much higher, up to 10 or 15 miles an hour, if the roads and tubs are in good
repair and properly maintained.

A single road only is necessary for direct haulage, though a double road may
be used if desired, and friction rollers should be laid at intervals of 8 or 10 yards
throughout its length to carry the rope. The timber on which the rollers rest

should reach between the sleepers as per sketch, Fig. 257, and the height of the

floor rollers must depend upon the clearance under the tub, which again will

depend on the size of wheel used. Besides the floor rollers it will be necessary
in going round curves to place either long rollers with their spindles set vertically or

bevelled pulleys. If the dip “ in bye ” is not regular, but rather decreases, it will be
necessary from the point at which the dip changes to place one or two roof rollers.

On steep inclines worked by direct haulage, there is necessarily a great strain on
the coupling chains and drawbars of the tubs and the capping of the rope. These
should be made of the very best material and subjected to a careful and frequent
inspection. The truest economy is to have ropes of the best steel, and all

other materials equally good.
It is customary to place a “ trigger ” or bar -hook, sometimes called a “ devil

”

and a “bull,” behind the last tub of the full train. This is a kind of fork with
one end firmly fixed on the back end of the last tub and the other end, which
is pointed, trailing along the ground so long as the train is ascending, but if a
detached or broken coupling chain or rope causes the train (or the latter part

of it) to run backwards, the “trigger” is forced into the ground, thus arresting

the further backward movement of the tubs. This arrangement applies only to

the ascent of the full train, and is not applicable to the empty going down. A
bridle chain may also be used, and this is a means of safety to both the upward
and downward set. The chain is made fast behind the last tub going up (which
will be the first going down) and is passed under the train of tubs to be securely
connected with the hauling rope at the other end of the train. This chain hangs



254 UNDERGROUND CONVEYANCE.

loosely and does not come into operation unless a coupling chain becomes
detached or breaks, or a drawbar breaks, thus severing the train, which in that

case is almost immediately joined again by the bridle chain. The bridle chain
is, of course, no protection in the event of a broken rope whether the train be
full or empty, but there is far more liability to a breakage in the former, in which
case there is the protection of the “trigger.” A number of accidents occur
every year on these inclines, and other travelling roads for the workmen should
if possible be provided. In any case besides the refuge holes required by the
Act of Parliament, a distinct light such as a red one, which in a mine worked by
safety lamps may require to be a safety lamp, should be placed on the front end
of the first tub of the full and of the empty train, as well as an alarm bell to

sound continuously whilst the train is in motion, so that fair warning may be
given of the approaching train both to the eye and ear of all on the incline. By
direct haulage, coal may be brought from more than one part of the mine.
Branch roads may lead off the main road at any number of places, but each
one will require an attendant, if the work is great, to set the points and attend
to the signals.

The Tail-Rope System.—This has the great advantage of being applicable to

almost any condition of road, a single line of rails only being required. Although
crookedness and irregularity of the gradient need not preclude the adoption of

this mode, it is much better applied where roads are straight and have regular

gradients. It gives great facilities for working branches.

The engine for working the “ tail-rope ” should be double and placed hori-

zontally. It must have two drums, one for the main rope and the other for the
“ tail,” and the engine is worked on the second motion, each drum being on a

separate shaft and connected by spur gearing to the engine shaft. Each drum
may be put in and out of gear by means of clutches worked by levers. The
length of rope required to work any plane is three times the length of the plane,

the “ tail-rope ” being long enough to reach from the front end of a train of empty
tubs standing at the out-bye end of the plane to the “ in-bye ” end of the plane,

where it is passed round a large pulley and reaches back along the plane to the

drum of the engine. As the train of empties is drawn in, the tail-rope is wound
on to its drum and the main rope (which is usually stronger in the proportion of

3 to 2 as compared with the tail-rope and must be the length of the plane) is run

off the other drum, which is at the time out of gear. After changing the full for

the empty train, the tail-rope drum is thrown out of gear and the main rope drum
into gear, the engine is reversed, and the full train drawn out, to which is attached

the tail-rope ready for the next empty train. The brake is usually applied to the

loose drum gently, whether the train is going in or out. This prevents the rope

from getting slack. The main and tail-ropes are carried by rollers and pulleys at

intervals of about 8 or io yards apart. The branches worked off the main road (as

well as the main road itself) have pulleys placed at the end of them round which

a rope passes, its two ends reaching out to the main road
;
and on the train

reaching the branch line, if desired the train may stop by signal, then be discon-

nected from the tail-rope at the front end of the train and a connection made
with the branch line rope. There are different ways of making this connection,

as seen by the following three sketches, Figs. 258, 259, 260.

In Fig. 258, a wheel is fixed near the roof or under the rails, and one end of

the branch rope is brought round this wheel, shown at D. When the train is to

be sent into the branch the rope end A replaces B at the front end of the train,

and the end D replaces C on the tail-rope. This method requires a winch to

pull the branch rope properly in place. In Fig. 259 the end E replaces F, the

tail rope is left entire, but being disconnected from the train at F, is brought a

little further by the engine and connected to G. This method does not require a
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winch. The plan shown in Fig. 260 is perhaps the simplest, and in it the

position of the ropes is so arranged that when the full train reaches the shaft the

shackles on the main and tail ropes are just opposite each other at the branch

Fig. 258.

Fig. 260.

Connection for Ropes between Main and Branch Roads.

end, when the two ends J J are changed to H H by the attendant at the branch
end.

The change is quickly effected by means of shackle joints on both the main
and tail ropes. In Fig. 261 the pin P secures the shackle. At its lower end a

thread is cut for screwing through the under side of the shackle. The attendant

Fig. 261.—Shackle Joint for Connecting and Disconnecting Ropes.

uses a key fitting the head of the pin, which he readily withdraws by turning it a

few times. In some instances the heads of the pins are sunk in the shackle when
screwed home, and then the heads have central square recesses formed in them
about half-an-inch deep. The attendant withdraws the pins by a suitable key
which fits the recesses in the heads.

Where the plane has no branches, only one set of ropes will be required. On
very short sharp curves a single sheave for each rope will be sufficient to prevent

their touching the side, but where the curve is of large radius a number of

sheaves or rollers must be placed. From 30 to 60 tubs form a train for the tail-
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rope system. The connection between the train of tubs and the ropes is made
by some form of knock-off link, one being shown in Fig. 262. When it is

required to disconnect the rope, the cottar A is withdrawn, and the link pushed
over by the hand or foot. Where the rise from the shaft is suitable for the loaded
train to run out with the rope attached, a tail-rope only need be applied for

drawing the empties in, and no main rope would, of course, in that case be

required.

The Endless Rope Systems.—The Endless Rope is divided into No. 1 Endless

Rope and No. 2 Endless Rope systems.

No. 1 is a modification of the Tail Rope system. The rope has to be kept

Fig. 262.- -Knock-off Link.

constantly tight, and this may be done at any convenient point by passing it

round a pulley fixed upon a tram, to which a hanging weight is attached

(Fig. 263) ;
or the hanging weight may be replaced by a tram working on a

short incline, and loaded sufficiently (see Fig. 264). Motion to the rope at the

other end is facilitated by a deep-grooved pulley (see Fig. 265), or by a pair of

ordinary large pulleys after taking the rope two or three times round each to

cause friction. There are several ways of attaching the trains of tubs to the rope

(which in the No. 1 system runs under the tubs) by a socket in the rope, and a

short attachment chain (Fig. 266), or some form of clamp for gripping the rope.

The mode most commonly employed is that of having a bogie provided with a

pair of grips, with which the attendant seizes the rope as required. In this case a

train of tubs is taken at once.

A very effective haulage-clip is Hanson’s. It is made in two types by Mr.

Isaac Hill, George Street Iron and Brass Works, Derby. Figs. 267 and 268 show

this clip as adapted for the bogie, whilst 269 and 270 show the form of clip

suitable for attaching a single tub or a train of tubs to the rope.

The mode of adapting the clip to bogies, or the present existing bogies, will be

seen by Figs. 267 and 268, which is done by very simple means, and at the same

time will be noticed that the working of the clip is most effectual for roads of any

reasonable gradient.

In the bogies there are fixed two bars of wrought iron, B and D, Fig. 268,

12 ins. apart from each other, and the clip being 9 ins. on the clipping or
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Fig. 266 .—Under Method of Tub Attachment to Endless Rope applied at one or both
Ends of the Train.
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gripping part, gives 3 ins. of space for the clip to move from one bar, B, to the

other bar, D. (Note the distance on Fig. 268 from the bar D to clip.) The clip

is suspended on a 1 in. round iron bolt or pin at A A, Fig. 268, and in section of

same at A, Fig. 267 ;
and as the gradient of the road alters, the whole clip will

slide backwards and forwards upon the bolt or pin, till it is prevented by one of

the bars, B or D, Fig. 268.

The clip is represented to be drawing or shunting a load up an incline or on

the level in the direction of the arrow on Fig. 268, and it will be noticed that the

Fig. 269.—Hanson s Hand Haulage Clip.

Fig. 270.—Hanson’s Hand Haulage Clip attached.

greater the load or the greater the resistance the tighter the incline block will be

forced upon the rope. Should the gradient of the road alter to a descent, the

resistance being taken off the bar in the bogie at B, the tendency of the load will

be to hasten on at a greater speed, thus causing the clip to slide back upon the

bolt or pin at A A, Fig. 268, till it arrives at the bar, D, in the bogie and dotted

line A to D, Fig. 268, thus holding back the load and preventing it from obtaining

a speed greater than that of the rope. The bar, D, pushing against the body of

the clip, tends to force the wedge upon the rope as did the bar, B, when it was on

the wedge. The operator lifts the rope into the groove at the lower part of the



NO. I ENDLESS ROPE SYSTEM OF HAULAGE. 259

plate, C, Fig. 267, and at pleasure brings down the incline block by means of

lever, L, Fig. 268, which block grips the rope as in the hand-clips, the load being

at once set in motion.

The bolt or pin acting as a centre for the clip to rotate upon, the latter can be

moved at the will of the operator.

This bogie clip is found to be very effectual and sure in work, and can be used

by a boy in the pit.

Hanson’s hand-clip is shown at Figs. 269 and 270. It will pass round curves

very easily in its inward and outward journeys, the lower part being made to suit

the groove of pulleys.

The gripping part of the clip being 7 inches long, it holds the rope firmly without

exercising a cutting or tearing action on it. The greater the load, the tighter the

clip holds the rope. It is easily handled, and can be instantly disengaged by a boy.

Fig. 271. Fig. 272.
Humble s Haulage Clip.

Mr. Stephen Humble’s haulage clip is shown at Figs. 271 and 272. It is not

adapted for bogies, but is simple in construction and allows of easy attachment,

to, and detachment from, the rope while in motion. No damage is done to the

rope from its working.

A single or double line of rails may be used, but when single the rope

works backwards and forwards, instead of continuously round in one direction

;

one part of the rope is on the road, and the other runs at the side. With
a double line the rope works continuously round in one direction, the empty
tubs go in on one line, and the full ones come out along the other. Friction

rollers are laid at intervals for the rope in the case of a double line in the middle
of the roads, and in the case of a single line along the middle of the road and at

the side. The amount of rope required to work this system is, of course, less

s 2
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than by tail rope, and the rope lasts longer. By suitable arrangements at the

junctions branch roads can be worked, an attendant disconnecting the tubs

while passing round the turn, where the wheel of the branch is fixed. It works
on an undulating road, and where there are curves of good radius.

The No. 2 Endless Rope system, where worked similarly to the Endless Chain
system, requires a double line of rails. The rope, instead of being under the

tubs as in the No. i system, rests upon them, they being attached to the

rope either singly or in trains of tubs varying in number from i to 12, and they

are placed at regular intervals apart.

Some modifications of the No. 2 Endless Rope have been tried, such as

carrying the ropes at the sides of the tubs instead of over the centre, and also by
using a single line of rails with a suitable arrangement of pass-byes. These
modifications do not generally work so well as the system itself, and require

special conditions for them to work at all. If the engine plane has curves in

opposite directions the rope at the side tends to pull the tubs off the way, and

consequently empty tubs at the curves leave the metals. Again, the opposite

curves in a roadway give considerable trouble to a single road with pass-byes,

although this modification may work fairly well in a straight engine-plane with

a uniform gradient, or where the curves are all in one direction, and a regular

supply of tubs can be arranged to suit the pass-byes.

Motion is given to the rope, which is fixed much in the same way as No. 1

Endless Rope. The speed of rope in the other systems described is fast, from 6

to 10 miles an hour, but with the No. 2 Endless Rope a slow speed of about

1 1 miles or 2 miles an hour is given to the rope. Branch lines, curves and

undulations in the road can be overcome, but the fewer curves and undulations

the better. There are two methods of connecting the tubs with the rope. In

either case chains are used. One method consists in fixing one end of the

attachment chain to the coupling chain of the tubs, throwing the other end over

the rope which is in constant motion
;
then coiling it 2 or 3 times round the rope,

and securing it to the hook at its end. If the road is undulating it will be necessary

to put another chain in a similar way at the other end of the tub or tubs (see

sketch, Fig. 273).
In the other method, instead of the chain being coiled round the rope, strong

loops of hemp 1 inch in diameter are fastened at intervals along the rope by a

wrapping of string. One hook of the chain is first attached to the tub, and the

hook at the other end is then passed through the loop on the rope. This is not

so applicable on an undulating plane where tubs are put on singly, as it would

be necessary to put an attachment chain at each end of every tub, which would

mean a great number on the rope altogether. Where applicable it is a more
expeditious method than the former (see sketch, Fig. 274).
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It is evident that where the coal is loaded up above the top of the tub, unless

the roads are high, this system cannot be adopted. In working branch roads by
the No. 2 Endless Rope system, it is necessary to dis-connect and re-connect
every chain used in attaching the tubs to the rope, and the arrangement of pulleys

to work a branch road is shown in Fig. 275. Each branch must have a separate

tightening apparatus. The upper pulley has a clutch-box, and may be thrown
out of gear if it is not desired to work the branch line. The rope is passed round
the driving pulleys two or three times, the trod being shaped to receive it. If the

engine is placed on the surface the rope passes over a pulley at the top of the pit,

Fig. 274.—Over Arrangement of Attachment to No. 2 Endless Rope applied at
EITHER ONE OR BOTH ENDS OF THE TRAIN.

and goes down the shaft to another pulley at the bottom placed at right angles to

the one on top, and if there are a number of branch roads at the pit bottom to be

worked the rope is coiled round other pulleys fixed in position to work those

branch roads. It is then brought back to the pit bottom, where another pulley

Fig. 275.—No. 2 Endless Rope System of Haulage. Arrangement of Ropes for a
Branch Road.

guides it up the shaft
;

it then passes over another pulley at the pit top to the

driving pulley at the engine. From each of the main roads leading from the

shaft branch lines may, if required, be worked. Two branch lines may be worked
opposite each other off the main road by having three pulleys on the vertical shaft

instead of two as shown in the sketch, and other branch lines may again be worked
off these. In the case of two branch roads working opposite each other off the

main road, the tightening apparatus for each branch would be placed at the in-bye

end, instead of as shown on sketch. An engine placed on the surface can be

made to work an endless rope at another level in the shaft in addition to those at

the pit bottom. There is no “runrider ” required in this system as in No. 1, and
the speed of the ropes tends to their duration.

Endless Chain System.—'The Endless Chain System is somewhat similar to

the No. 2 Endless Rope, and a double line of rails is always requisite in its
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application, one for the full, and the other for the empty tubs. The chain may
be passed 3 or 4 times round the driving-wheel, which consists of an ordinary

sheave, round which a piece of boiler plate about 10 inches wide is fixed, and to

this are attached about 12 steel or iron “ feet ” on which the chain rests without

touching the plate
;
or forks a few inches apart may be fixed in the trod, the

chain then only passing half-a-turn round the wheel. The driving-wheels are

placed horizontally, and motion conveyed from the engine to them by bevel

gearing. The return wheels are ordinary sheaves, round which the chain passes

half-a-turn. No tightening arrangement is needed, for the chain rests upon a

fork in the tubs, which are always placed singly on the chain at distances varying

from 10 to 40 yards apart, and it is better not to have them further than 30 yards

apart, so that there may be no danger of the chain touching the floor. The

speed at which the chain is driven varies from 1 to 4 miles an hour. Owing to

the low speed of the chain, the condition of the rails is not of so much importance

as with the Tail Rope and No. 1 Endless Rope, where the speed is greater, but

care is required at the termini in the formation of the roads. On the “ coming
off” side the way is made to rise a few yards from the terminus, in order to

obtain such a fall as will enable the tub, on leaving the chain, to acquire an

impetus which carries it off the road
;
on the “ going on ” side the way is made to

dip from the terminus, so that the tub may run to the chain without the aid of

manual labour. Fig. 276 shows the arrangement of working roads leading in

different directions from the pit bottom.

Every principal chain has its separate pulley and upright shaft, with bevel

gearing at the top, and catch-box to put in and out of gear. All of them may
thus be at work together, or any of them thrown out of gear at will. The handles

to work the catch-boxes may be placed at each wheel, or they may be all placed

together in the engine-house or elsewhere. Branch lines form no obstacle to the
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successful working of the endless chain. There are two ways of working these.

A double pulley may be placed opposite the branch similar to that shown at

Fig. 275 for working No. 2 Endless Rope branch. The main chain passes round
one pulley, and the branch chain takes its power from the other, which has a

catch-box arrangement for throwing into and out of gear. Another and perhaps

better way is to have three chains and three pulleys connected by gearing, as

shown in Fig. 277. This leaves the landing-place clear for tubs.

The end of the tub on which the fork is placed is made to go last in starting

up-hill, but in going down-hill it is placed first. Where the coal is not loaded up
above the level of the top of the tub, the fork for the chain forms part of the tub,

the groove for the chain being about an inch wide. One form is shown at

Fig. 279.—Endless Chain Haulage. Arrangement for Self-acting Curve.

Fig. 278, but where the coal stands high above the tub removable forks fitting

into pockets in the tubs are used, and the length of the fork used is such as to

enable the chain to stand sufficiently above the tub without touching the coal. A
fork must be placed on both ends of the tub for this arrangement. In working

round curves pulleys are placed to guide the chain, one for the full, and the other

for the empty tubs. The road for the tubs, as they approach these pulleys, is

made to rise, and just before reaching the pulley a fall commences. This causes

the tub to leave the chain and pass round the curve under the pulley by its own

momentum, and attaches itself again to the chain on the other side. Fig. 279

shows this.

Provision has been made to guard against the ill-effect of a broken chain. At

the end of the plane, where a small guiding pulley is placed to direct the chain on

to the driving-wheel, a movable catch may be placed, which keeps out of action

whilst the chain is working properly, but if the chain breaks at that place the

catch holds it. Again, claws are placed in the floor between the rails in both

full and empty roads
;

if the chain breaks it falls down, and is held by these
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claws. An automatic stop-block may be placed at intervals in the full road if

the plane rises towards the shaft, and in the empty way if the plane falls towards

the shaft. The tubs ascending press the stop-block down, and after the tub has

passed over it rises again in position to catch and hold any tubs rushing back
owing to a broken chain. This block would be applicable only under certain

conditions of road.

Care should be taken that the tubs are placed on the chain at such intervals as

to ensure keeping the chain from touching the ground. No rollers are required

for the endless chain, a regular gradient is unnecessary, a heavy dip at one part

of the plane may be succeeded by a rise.

A plane may have many changes in its rate and direction of inclination, and
where this is so, the energy arising from the counterbalancing effect of the undu-
lating road is not all lost. It is quite possible, where there is a continual load

upon the heavy part of a plane in favour of the full tubs, for the plane to self-act,

even although some portions of the plane may be flat or dip in favour of the

empty tubs. The first cost of fitting the road is heavier than for the Tail rope,

as the chain costs more than the ropes, and a double line of rails is necessary.

There are, no doubt, circumstances in which each of the different methods will

recommend themselves.

Signalling.—Until recently the method of signalling on engine planes was
the same as on the self-acting inclined planes, by means of signal wire and
hammers and levers.

If the engine was underground, a hammer was fixed in the engine-house.

Attached to the hammer was a lever, from the end of which the wire was carried

along the engine-plane and supported by iron hooks or staples driven at frequent

intervals into the road-posts. If the engine was on the surface, the hammer was
placed at a point near the bottom of the shaft convenient to the attendant who
received the signals, and by means of another signalling arrangement commu-
nicated the signals he received to the engineman. At the terminus of the engine-

plane and at any points between its ends from which it was desired to signal,

levers were attached to this wire. By pulling the levers the hammer was raised and
then (by releasing the lever) allowed to fall on to a flat piece of iron, making a

distinct signalling sound.

This method has now, for the most part, given way to the electric signal.

In the best form of this method, two wires are carried along the engine-

plane throughout its course. The wires are about 6 inches apart, and
are supported parallel to each other by insulators fixed to the road-posts or

to the sides at intervals of about 20 yards; but this varies according to cir-

cumstances.

In the engine-house at the pit bottom, or wherever it is desired to receive

the signal, an electric bell is fixed and a battery sufficiently powerful to keep

the apparatus well supplied with an electric current. Having a return wire,

signals may be given from one end to the other, or from any intermediate

point, but can only be received at the electric bell. Through any por-

tions of the plane which are subject to falling water, insulated wire must be

used.

At any point on the plane, a signal may be given instantaneously by the “run-

rider.” He has merely to bring the two wires together and rub them with his

fingers, or connect the two wires by tapping them with a short iron rod. Contact

is at once formed and the bell rings. It is as easy to give a signal at a long as

at a short distance from the engine, and less effort is required to ring the bell

than in the old wire and hammer system. The first cost for the wire is also less,

as a light wire answers the purpose, while in cost of maintenance it compares
favourably with the old system. Besides these advantages it is impossible to
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calculate the value of the convenience in signalling instantaneously from any
point.

For convenience in repairing the road timbers, the wires should not be in

one piece, but in short lengths of, say, 50 yards. The lengths are joined for

ordinary working occasions, but may be quickly disconnected at any point of

the engine-plane at night or whenever it may be necessary to renew timber in

that part of the road.

A few questions and answers, bearing upon the subject of this chapter, will

now be given, showing how to find the size of engines necessary to work engine-

planes, &c.

Question 50.—What sized hauling engines would be required to haul 100

tons per hour by direct haulage up an incline 1,000 yards long rising 1 in

6, steam pressure being (in the boilers) 50 lbs. per square inch ?

Here assume that the average speed is six miles an hour and the drum 5 feet

in diameter, and that the engines are to be a pair working on the first motion.

Assume that the engines have a 30-inch stroke, and if this works out dispropor-

tionately to the size of the cylinders it can be adjusted afterwards. Six miles

= 1,760 x 3 x 6 = 31,680 feet. 1,000 yards = 3,000 feet. To find the time oc-

....... , n , 3,000 x 60
cupied in making the journey one way, as 31,680 : 3,000 : : 60 min.

31680
'

=

5
'6 say 6 minutes, as the time occupied by the train in travelling one way =12

minutes and say 4 minutes interval =16 minutes for each journey — 75
or 3f

100 tons . _ ,

trains per hour— = 2 °t tons
>
or sa7 2 7 tons Per tram - Suppose each tub

to carry 10 cwt. this means 54 tubs, and if each tub weighs 4 cwt. there are 27
tons of coal and 10 tons 16 cwt. or say n tons of tubs = 38 tons as the gross

load. But the inclination is 1 in 6, therefore = 6J tons as the net load. To

consider its weight, assume a steel rope weighing 7 lbs. per yard is used

;

1,000 x 7 = 7,000 lbs. as the weight of the rope, but the net load on an incline of

7,000
1 in 6 would be —^— = 1,167 lbs. and the net load exclusive of friction becomes

6J tons = 14,187 lbs. representing the tubs and coal + 1,167 ^s. representing the

rope = 15,354 lbs. acting at the circumference of a drum whose circumference

is 157 feet. Add to this the friction. Experiments made to fix the co-efficient

of friction for tubs at different times have given different results, varying from
g^th to Jg-th of the gross load. Considering the friction of the rope on the

rollers besides the wheels of the tubs, it will perhaps be prudent to adopt the

highest co-efficient of friction, viz. -^L-th of the gross load, and by adopting this it

will be taking a proportion to cover friction of the rollers. The rope is 7,000 lbs.,

the tubs 11 tons or 24,640 lbs., the coal 27 tons or 60,480 lbs.= 7,000 + 24,640+
02, 1 20

60,480=92,120 lbs. total gross load :
— = 3,290, the allowance for friction,

which added to 15,354= 18,644 lbs., the actual load upon a circumference of

157 feet. 18,644 x 157 = 292,710 the moment of load. The power is the

pressure upon the piston, and its leverage is the double stroke of the piston

5 feet. Assuming frds of the boiler pressure of 50 lbs. to be effective = 33 lbs.

292,710
effective pressure.

•

^ x
- = 1,774 which gives theoretically the required piston

area in square inches. To this add \ for general resistance and surplus power,
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and 4122 as

making the required piston area 2,661, or say 2,670 square inches for one cylinder

2 6 70 / 1 71

r

’

2
= 1,335 square inches for each cylinder of a pair. \ 7854

the diameter of the piston, so that a pair of engines will be required on the first

motion with 4ij-inch cylinders and 30-inch stroke working a 5-foot diameter
drum. But the cylinders and stroke are not proportioned to one another, and
to find another proportion in which the area of cylinders x stroke will give
the same power, proceed as follows :—Take the area of the cylinder at 1,335,
and multiply this by the assumed stroke of 30 inches; 1,335 x 3° = 40,050.
Now let the proportion of the stroke in the size, we shall find, be twice the
diameter of piston.

Let ji; = the diameter in inches we wish to find.

Then 2 x = the length of stroke in inches we wish to find.

Therefore x2 x 7854 x 2 x = 40,050 in order that the power may be equal
to that of the size first ascertained.

x* x 2 x

2 xs =

40,050

7854
40,050

7854
3 _ 20,025

7854
x = 29*45 or, say, 30 inches, as the diameter of

the piston, and 30 x 2 = 60 = 5 feet as the length of stroke. To find the

piston speed, 6 minutes is the time occupied by the train in travelling 3,000 feet,

therefore the speed of the train on the average is
3,000

500 feet per minute.

500

157
= 31! revolutionsThe drum has a circumference of 157 feet, therefore

per minute, the piston travels iofeetfor one revolution, therefore 31 \ X 10=317*5
feet per minute of piston speed, which is under a fair allowable speed. Now
to look at the strength of the rope taken, viz., 7 lbs. per yard. The net load on
the rope is 15,354 lbs. or 6*85 tons. By the rule already given to find the circum-

ference of a steel rope, whose working load is 6*85 tons, C = v/
2
7
4 x 6*85 = a

little over 4 inches, and the weight of a 4-inch circumference steel rope is

about 7 lbs. per yard.

Question 51. A pair of hauling engines, 24-inch cylinders and 4-foot stroke,

with a boiler pressure of 45 lbs. per square inch, and working on the first

motion, by direct haulage, a plane 2,000 yards long, dipping from the shaft

1 in 9. What quantity of coal can be dealt with by such an engine, and
what size drum would you use ?

Assuming the maximum piston speed of 400 feet per minute, and that the

trains run at an average rate of 8 miles an hour on a single line of rails, and that

§ of the boiler pressure is effective, the power on the pistons would be 24s x 7854
x 30 (the effective steam pressure) x 2 (for the two cylinders) = 27,143, and
deducting J for frictional allowances = 27,143 — 9,048 = 18,095, travelling at

400 feet per minute. The tubs have to travel 8 miles an hour = ^ ° ^ =

704 feet per minute. While the piston travels 4x2 = 8 feet the crank travels

4 x 3*14159 = 12*566, say I2^feet, and while the circumference of the drum
400

travels 704 feet, the piston travels 400 feet, and the crank travels
g

x 12*566
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= 628 feet. Therefore, as 628
: 704 : : 12-566 : 14*08 circumference of the drum

= — ‘ = 4-48 or 4^ feet as the diameter. The load x 14-08 must equal the

power. — -— = 10,340 lbs., the load with which these engines are capable

of dealing. To proportion this load so as to allow for weight of coals, weight of

tubs, weight of rope and friction, proceed thus :—The steel rope will probably

weigh about 5 lbs. per yard
;
2,000 x 5 = 10,000 lbs., and this divided by the

inclination 9 = 1,111 lbs., which, deducted from the load, 10,340 lbs., leaves

a balance of 9,229 lbs. This x 9, the inclination, = 83,061. Next allow of

93,061
the gross load, viz., 83,061 + 10,000 lbs. the rope = 93,061 lbs. for friction, ^
= 3,324 lbs. Deducting this from the balance of 9,229 = 5,905. Multiply this

by the inclination 9 = 53,145. The tubs when empty will weigh from \ to § of the

load they carry, say J, then ^= 13,286 lbs. as the weight of the tubs, and

53,145 — 13,286 = 39,859 lbs. as the weight of coal. The speed of the rope is 704

feet per minute, and the distance being 2,000 yards = 6,000 feet, yy = 8|

minutes each single journey will occupy, and 8| x 2 = 17 minutes each double

journey, and allowing intervals amounting to 8 minutes, that means — g
=2-4

journeys per hour. The load of coal is 39,859 lbs. x 2-4 = 95,661 lbs.

= 42-7 tons per hour. Showing that, with a pair of engines, having 24-inch

cylinders, 4-foot stroke, running 400 feet per minute, and drum 4J feet in diameter,

with a boiler pressure of 45 lbs. per square inch, 42-7 tons per hour could be dealt

with from a distance of 2,000 yards, the inclination being 1 in 9, but as 4J feet is

rather small, it would be better to use a 6-foot drum.

Question 52.—What size and description of hauling engine would you
erect to haul 370 tons of coal per day of 8| hours by the endless chain, up
a plane 1,250 yards long, the average inclination of which is 1 in 27, being
a rise for the full tubs, and tubs holding 6 cwt. of coal being used ?

,250
83 fullSupposing the tubs to be placed at intervals of 15 yards apart, -y

and 83 empty tubs on the road. The weight of coal would be 83 x 6 = 498 cwt.

= 24 tons 18 cwt., and as there are the same number of tubs on each line

of rails they will balance each other. The load on the engine will, therefore,

be 24 tons 18 cwt., and the friction of the tubs and chain and gearing.

On an inclination of 1 in 27, the actual work done by the hauling engine =
27

= say 18 cwt. The friction of the tubs, assuming they weigh 3 cwt. each, and that

83 X 2 X 3
the co-efficient of friction is

,
will be - —

—

0 =18 cwt.
28

There would be

lbs.1,250 x 2 = 2,500 yards of iron chain, say of f inch diameter, weighing

per yard = about 246 cwt. and = nearly 9 cwt. The friction for the coal is

498
yg

= 18 cwt. This gives a total load upon the chain of 18 cwt. coal +18 cwt.

friction of coal + 18 cwt. friction of tubs + 9 cwt. friction of chain = 63 cwt.,

besides the resistance from the driving pulleys round which the chain has to
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pass. As these cannot well be calculated, allow 2 cwt., making 65 cwt. as

the total load.

Now to arrive at the speed at which the chain must be worked. It is desired to

370 x 2,240
draw 370 tons in 8-| hours to the shaft = 1 = 1,625 lbs. per minute.

1 tub holds 6 cwt. = 672 lbs. and = 2*4 tubs per minute, say 2^, as the

rate of delivery from the chain to the shaft, and as they are placed 1 5 yards apart

the speed of the chain must be 15 x 2J = 37^ yards, or say 113 feet per minute
;

1 13 x 60 = 6,780 feet per hour, equivalent to i*3 mile an hour nearly.

Now to fix on the size of engine. Assume that the driving-wheel is 3 feet in

diameter, and that the stroke of the engine is 2 feet, and arrive at the proportion

of gearing as follows
;
the speed of chain is 113 feet per minute; the driving-

1 1

3

wheel has a circumference of 3 x 3*1416 = 9*4248. = 12 revolutions
9*4248

per minute. The piston speed for an engine working continuously like this should

not exceed 250 feet per minute, but take it at 200 feet per minute. With a stroke

of 2 feet this would mean = 50 revolutions per minute, so that the proportion

of gearing would be as 50 is to 12, or about 4 to 1. The work done would be 65

. f . 65 x 112 x 1*3 x 5,280 .

cwt., at the rate of 1*3 mile an hour. -? = 25 horse-
5 0 60 x 33,000

J

power, and assuming the engine yielded 50 per cent, of useful effect, the indicated

horse-power would be 50 or 25 for each engine. This would be equal, supposing

. , „ 25 X 33,000 . /137.5
the effective steam pressure to be 30 lbs. to

x 2QQ = 137*5, and /y

= 13*23 as the diameter in inches of the cylinders, and 2 feet as the length

of stroke.

Question 53. What size hauling engines would you place underground to

work an incline by tail rope whose rates of dip from the shaft are as follow :

—For the first 200 yards, the dip is 1 in 28, for the next 400 yards it is 1 in

30, and for the next 500 yards which is the end of the plane it is 1 in 31.

The coal to be brought out to be 1,000 tons in 8 hours.

, . o 200
200 yards 1 in 28 = = 7\

400

500

Total 1,100

400
• m 3° = T3- = 13!

500
fiii in 31 = = ibh3

3 1 1

37 and 37

1,100 = 3°;

making the average gradient, therefore, i in 30.

Assume that the average speed is 8 miles an hour, and that the engines are to

be a pair with 6-foot drums. Assume also that the engines have a 4-foot stroke,

and that the gearing is 1 to 1. 8 miles = 1,760 x 3 x 8 = 42,240 feet.

1,100 yards = 3,300 feet. To find the time occupied in making the journey one

way
;

as 42,240 : 3,300 : : 60 minutes : 4*7 say 5 minutes as the time occupied

by the train in travelling one way = 10 minutes, and say 5 minutes interval =
, . 60 . 1 ,000 . . .

15 minutes for each tnp= — = 4 trams per hour
; g = 315 tons per train.
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Suppose each tub to hold 10 cwt., this means 63 tubs, and if each tub weighs

4 cwt. it means 31 J tons of coal, and 63 x 4 = 252 cwts. or 12 tons 12 cwts. of

tubs = say 44 tons as the gross load. But the average inclination being 1 in 30,

~ = 1 1 tons nearly as the net load. The ropes to some extent balance each

other, but as it is usual to make the main rope stronger than the tail rope take

this into account. Supposing a z\ lb. per yard steel rope to be used for the main
and a if lb. per yard for the tail rope, then z\ — if = § x 1,100= 825 lbs. as

825
the weight of the rope, the net load of which would be =28 lbs. nearly.

The net load exclusive of friction is if tons = 3,360 lbs. representing the tubs

and coal + 28 lbs. representing the rope = 3,388 lbs. acting at the circumference

of a drum whose circumference is 6 x 3' 1416= i 8‘849 ^eet - But add t0 this

thefriction. The ropes are 1,100 x 2\ + 1,100 x if = 1,100 x 3I = 4,125 lbs.,

the tubs 252 cwts. or 28,224 lbs., the coal 31 f tons or 70,000 lbs. 4,125 + 28,224
102 34Q

+ 70,000 = 102,349 lbs. total gross load. —^— = 3,655 lbs., the allow-

ance for friction which added to 3,388 = 7,043 lbs. the actual load upon a

circumference of 18*849. 7,043 x 18*849= 132,754 the moment of load. A
13 2 7 ^ 4.

4-foot stroke and an effective steam pressure of 30 lbs. = -- = 553,

the theoretical required piston area in square inches. Add f for general

resistance, making the required piston area 830 square inches for one cylinder.

=415 square inches for each cylinder of a pair. = 22*98, or say

23 inches as the size of the pair of engines required, with a 4-foot stroke which is

pretty well in proportion and 6-foot drums. Now to test the piston speed. The

train travels 3,300 feet in 5 minutes = — = 660 feet per minute. The drums

660
revolutions per

5

have a circumference of 18*849 ^eeh therefore—

—

= 35
18*849

minute, and 35 x 8 = 280 feet per minute of piston speed, which is well under
a fair allowable speed. The net load on the rope is 3,388 lbs. or i*6 ton

sj 2*4 x 1*6 = 2 inches nearly circumference, and the weight of a 2-inch

circumference steel wire-rope is 4f lbs. per fathom or 2| lbs. per yard, so that

the rope chosen weighing 2\ lbs. per yard is quite strong enough for the purpose.

Question 54.—A train of 10 tubs, ascend an incline, each tub (with coal)

weighs 1 ton with a rise of 4J inches per yard, what is the power required

and the strain on the rope ?

A rise of

36 . 0 ,
22,400

Assume that the friction of the tubs is -^th of their weight.

4! inches per yard = 1 in 8, 10 tubs x 2,240 = 22,400.

22,400
800 lbs. necessary to overcome friction, and - g— =2,800 lbs. necessary to over-

come gravity, which would be the power without considering friction
;
the amount

of strain on the rope would be therefore 800 + 2,800 = 3,600 lbs. = 1 ton 12 cwts.

o qr. 16 lbs. It often happens that -^th of the weight is taken for the friction,

if that were adopted it would mean
2 w
^° - =320 lbs. for friction. 2,800 lbs.

for gravity as before = 3,120 lbs. total = 1 ton 7 cwts. 3 qrs. 12 lbs., but the

former allowance is preferable as being safer.
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Question 55. Are hauling engines sometimes worked with compressed air

as a motive power ?

Yes, and it has great advantages over steam under certain conditions, as the
latter is not a convenient motive power to convey far into a mine. An engine,
whether for hauling, working rock-drills or coal-cutting machinery, worked by
compressed air can be placed at any point in the workings, near the shaft or

far away from it. It has also been successfully applied as a motive power to

supply locomotives running underground, in which case the engine carries com-
pressed air in a reservoir. The exhaust although hardly appreciable in well

ventilated pits is of some use in improving the ventilation in the workings, and
the pipes along which the compressed air is conveyed are cool and last long.

The disadvantages in using compressed air are many. First, it requires exten-

sive plant on the surface, a steam-engine being necessary in the first instance to

produce the compressed air. A very low proportion of the work done in the steam
engines is given by the engines using the compressed air, not more than from

25 to 30 per cent., so that 2 or 3 times as much fuel is consumed as would
be necessary if steam were used direct. The reasons for this low useful effect

are, first, the fact of having a second engine to employ with its friction to over-

come, and loss of heat in compressing the air, which passes through the com-
pressing cylinders

;
secondly, the leakage of the valves and pistons, and the

friction of the air in being carried from the receiver along the pipes
;
thirdly,

little expansion is obtained out of the compressed air; and fourthly, during

compression the temperature of the air is increased, and therefore its bulk
;
on

leaving the cylinder its bulk is reduced again, so that the work of compression

is performed on a larger bulk of air than work is obtained from.

The compressed air on being liberated absorbs the heat from the surrounding

air, causing a great degree of cold, and, unless dry air be used, ice is formed
in the cylinder and the exhaust pipe. The means of producing the compressed
air and applying it are as follow :—A horizontal steam-engine is so placed that

the continuation of its piston-rod through the back cylinder cover forms the

piston-rod for the cylinder of the compresser, the piston of the compresser

being rather larger than the piston of the steam cylinder. By an arrangement

of valves in the air cylinder (which is usually surrounded by water to keep it

cool
;
the water absorbing the heat generated during compression and conducting

it through the metal), the air enters the cylinder behind the piston, and is forced

out of the cylinder in front of the piston through pipes into a receiver of large

dimensions loaded to the required pressure, from which pipes convey it down
the pit and along the workings to the engine to be supplied with compressed air.

There are circumstances in which no other motive force can be so well applied,

but on economical grounds, wherever practicable, steam should be employed direct.

Question 56.—What are compound hauling engines ?

Compound engines have two or more cylinders, and the same steam works

in all the cylinders successively and expansively. Usually only two cylinders

are used, one having the smaller diameter being the high-pressure cylinder

into which the steam as it leaves the boiler passes, and after completing the

stroke, then into the other, which is the larger or low-pressure cylinder. The
steam is used expansively in both cylinders, and leaves the low-pressure cylinder

only a little above the atmospheric pressure. A receiver is placed between the

high and low-pressure cylinders, to equalise the back pressure on the high-pressure

piston and the initial pressure on the low-pressure piston. The low-pressure

cylinder may have a valve applied to it so that high-pressure steam can be admitted

to it at the first few revolutions when the engines have the heaviest lift. Com-
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pound engines have been applied more to work pumps than for hauling and
winding.

Question 57.—It is intended to erect a pair of coupled engines, working
direct without gearing to haul 8 full coal tubs each weighing 1 1 cwt. (load

and tub) up an inclined plane 56oyards long and rising 1 in 7. The desired

rate of speed is 10 miles an hour. What size and stroke should the engines

be and how many revolutions per minute ? The drum of the engine is 3 feet

diameter, and the rope not allowed to overlap itself on it. The boiler pres-

sure of steam is 35 lbs.

A rope of steel wire having a circumference of 1 \ inches would weigh 1 lb. per

yard
;
the total weight would be 560 lbs. The whole weight on the engine due

to gravitation would be 8 tubs @ 1 1 cwt. = 8x11x112= 9,856 lbs. + 560 lbs.

= 10,416 and
I °’4

-

1
- = 1,488 lbs.

;
that due to friction inclusive of rollers, &c.

would be — =372 lbs. Total load = 1,488 -f- 372 = 1,860 lbs. The diameter

of drum being 3 feet the circumference is 9*4248 feet. 1,860 x 9*4248=17,529^6

moment of load. An 18-inch stroke and a boiler pressure of 35 lbs. = — =

say 23 lbs. effective pressure

;

7-5 2 Q

X 2 X 23
= 254 the theoretical piston area, to

381
which add \ = 254 +127 = 381 for one cylinder and — say 191 square inches

for each of a pair /\/.^ = 15*59 as the diameter of a pair, say 15! inches.

. . ,
10 x 1,760 x 3

1 he rate at which the trams are hauled is 10 miles an hour :
—7— 5

—

60 x 9*4248
= 93*37 say 93J revolutions of a drum per minute, and the drum makes one
revolution for three feet of piston travel = 93 J x 3 = 280 feet as the piston speed
per minute—quite an allowable speed. To find the horse-power of these engines

15J
2 x *7854 x 2 x 280 x 23 = 74 horse-power.

If as stated the rope is not to overlap itself on the drum which in hauling up a

plane 560 yards long makes 5 —°_x 3 = 178 revolutions, and the rope is about
9*4248

|-inch diameter, therefore 178 x ¥ = 89 inches or 7 ft. 5 in., so that the drum
would have to be 7 feet 6 inches in length, if 3 feet in diameter, which is rather an
unusually small size.

Question 58.—The weight of the tubs, coal, rope, &c., which is pulled up
a slant whose angle is 26 degrees, amounts to 70 cwt. What is the
working load of the rope, friction ?

As there are 57*3° in an arc whose length = radius, approximately for this

purpose the value of a rise of 26° in inches per yard maybe expressed by taking
a circle whose radius is one yard or 36 inches. Multiply this radius by 26° (the

number of degrees) and divide by 57*3° and get approximately the rise per yard,

36 x 26 36
thus

^7^
= 16 inches rise per yard = ^ = 1 in 2*25. Therefore the force

of gravitation on a weight of 70 cwt. is - , — 3I q Cwt,
2*25
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The force due to friction would be ^ = i cwt., hence the working: load of the
70

rope would be 31U + 1 = 32U cwt. or 32-5- cwt.

Question 59.—At what gradient would the full tubs hold the empties in sus-

pension, the set to consist of 8 full tubs weighing n cwt. each and
8 empties weighing 3 cwt. each, friction J^th ?

Equilibrium will ensue when the sum of the friction of the two loads is equal

to the difference of their gravity on the incline. Supposing in the question asked
that the weight of each load respectively includes the weight and friction of rope,

friction of rollers, &c., connected with it
;
then

—

Let 1 in denote the gradient

;

11 x 8 _ 3x8 _ (11 x 8) + (3 x 8)

.

then

88
70

24 _

x

and — =
70

r6
x
64 = i*6 x

64

r6
= 40.

Therefore the gradient would be 1 in 40. Put as a formula for the above rule,

(F — E) R = (F + E) G, where F stands for the full loads, E for the empty
ones. R the denominator of the fraction of the friction, the numerator of which
is always 1, G the denominator of the fraction of the- gradient, the numerator of

which is always 1.

Question 60.—What ought to be the gradient of a horse road when the

loaded train consists of six tubs 18 cwt. each, and six empties of 4! cwt.

each, friction ^th, so that the resistance may be equal both ways ?

In this case resistance is equal when the friction of the full load, less its

gravitation, is equal to the friction of the empty load, plus its gravitation.

Let 1 in a* denote the gradient

;

then — 108 _ 27 + 27

70 X 70 X

+ 108 _ 10i00 1 1
X X 70 70

13.5 = 81

.

X 70
X — I! 61,

the gradient therefore is 1 in n6f. Express this rule by a formula, using the

same expressions as in the last example, as follows

—

p - ,

F = £ + 5 ••• (F + E) R = (F - E) G.
K (j K G

Question 61.—What are the usual methods of determining the size of the

high and low-pressure cylinders of compound engines, and how is the

horse- power of such engines calculated ?

It is necessary, in the first place, to determine the rate of expansion in com-
pound engines, then if A = area of low-pressure cylinder, a — area of high-

pressure cylinder, E = rate of expansion = — L = length of stroke in feet.
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& l = distance travelled by piston before steam is cut off in the high-pressure

cylinder. The best proportion for the two cylinders is when a — A y E, so

if the steam is to be expanded 4 times a = ‘

5 A, and, as the formula assumes
the steam being also cut off at *5 of the stroke in the small cylinder, then the

initial volume x 4 = the final volume a x ’

5 L x 4 = A x L. To find the

horse-power, each cylinder should be indicated to find the mean effective

pressure in each, then treat each as a separate engine and add the results

together.

Question 62.—What is the horse-power of 'a pair of hauling-engines, the

diameter of cylinders being 16 inches, stroke 30 inches, number of strokes

per minute 25, pressure of steam 35 lbs.; the engine is geared as follows.

The crank is connected to a shaft containing a pinion with 15 teeth

which drives a spur-wheel having 70 teeth. On the same shaft containing

this spur-wheel is a pinion with 20 teeth which drives a spur-wheel on
the drum shaft with 80 teeth.

The effective horse-power of an engine is only slightly reduced owing to the

additional friction which has to be overcome. Of course a greater weight
would be lifted but for the gearing, at a sacrifice of speed

;
for instance, whilst

the crank-shaft made one revolution the 70-toothed spur-wheel would only
make -f^ths of a revolution, so that whilst the 70-toothed spur-wheel makes
one revolution the crank would make = 4§ revolutions, and whilst the

pinion on the spur-wheel shaft makes one revolution the spur-wheel on the

drum shaft only makes or jth of a revolution. Therefore whilst the drum
revolves once the crank revolves 4§ x 4 = i8§ times.
The horse-power of the engines would be

l6» X 7854 X 2 X 2^ X 2 X 25 x 35 _ H _p
33,000

55 i

Question 63.—What sized hauling-engines or horse-power would be required
to draw 120 tons per hour up an incline 1,500 yards long, gradient 1 in

8, at a speed of 4 miles per hour? Could the engines be geared to

the hauling drum by spur-wheels in the proportion of 5 to 1 ?

This is a large quantity to bring up the incline stated, and if direct haulage be
adopted, necessitating a double line of rails throughout, or the laying of the rails

may be by a three-plate way above meetings and a single one below after the

manner of a self-acting incline
;
but this would be possible only if there are

no branch roads and the incline is straight throughout its course. A pair of

engines would of course be necessary, and assume the drums to be 6 feet. A
speed of 4 miles an hour = 1,760 x 3 x 4 = 21,120 feet. Length of plane

1,500 X 3 = 4,500 feet,
4, 5OQ

- ,

x 6° _ m inu tes nearly, as the time occupied
21,120

by the trains travelling, and as no time must be wasted in order to get up this

quantity, allow an interval of 2 minutes to change the trains at both ends, &c.,
and one train would arrive at the shaft every 15 minutes, = 4 trains per
hour, and L|o — 30 tons to be sent per train. Suppose each tub to carry 10 cwt.,

then 60 tubs are required, and say each tub weighs 4 cwt., there are 30 tons of

coal, but as the two trains of tubs will balance each other, they need not be con-
sidered, except for friction. Then a steel rope weighing about 8 lbs. per yard
would be necessary, 1,500 x 8 = 12,000 lbs. 30 tons = 67,200 lbs., which,

7Q 200
added to 12,000 = 79,200 and — = 9,900 lbs. as the load due to gravity.

For the friction we have 120 tubs at 4 cwt. each = 480 cwt. = 53,760 lbs., and

C.M.H. T
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—L-^-° ^
79> 200 _ lb S . the allowance for friction. 9,900 + 4,749 =

14,649 lbs. as the actual load upon a circumference of 18*849. 14,649 x 18*849
= 276,119 the moment of load. Assuming a 5-foot stroke and 30 lbs. effective

2 76 I I Q
steam pressure 920*4 theoretical piston area, to which add f, 920*4 4-

460*2 = say, 1,381 = 691 for one cylinder and \f r^r~ = 29*66, or say 30

inch cylinders. The size of the engines is not affected by the gearing, this

would only affect the piston speed maintained in doing the work. To consider

the possibility of gearing the engines, the drums are to be 6 feet in diameter and

have a circumference of 18*849 feet. The speed of the ropes is — = 346

feet per minute and therefore the drums revolve
346 _ 8*4 times per minute.

18*849
The piston speed must not exceed 400 feet per minute and as the stroke is 5 feet,

— = 40 revolutions of the engine. The proportion of gearing must

therefore not exceed 18*4 to 40 or say 2 to 1, and it would be better not to use

gearing at all with 6-foot drums, in which case the piston speed would be

5 x 2 x 1 8*4 = 184, thus allowing a margin for occasional quicker speed

following delays through accident.

Question 64.—How do you proceed to calculate the friction of tubs ?

By allowing the tubs to run down an incline with a regular gradient, taking the

length of the incline and noting the time occupied by the tubs in traversing it.

The gradient must, of course, be ascertained if not known, and the experiment

may be tried on either full or empty tubs.

H D
Resistance due to friction = — where H = height of plane in

D T2 x i 6tV
feet, D = length of plane in feet, T = time in seconds taken by tub to

traverse the distance D.

Supposing a tub traversed a plane 150 feet long and having a fall between the

two ends of 5*74 feet in 20 seconds, the resistance due to friction is found thus ,*

—

—— 5°
. = *01495, so that if the loaded tub weighed 1,804 lbs., 1,804

150 2O2 XI0t
1
t

X *01495 = 26*97 lbs. and = 1
Say TVth as the co-efficient of friction.

1,804 66*9

If an empty tub traversed the same plane in 23 seconds and the tub weighed

688 lbs., then 5 = *02063 and *02063 x 688 = 14*2 lbs. and
150 232x163V

6 5

14,2 = _— say Asth as the co-efficient of friction.
688 48*45

3 48

Another way of finding the co-efficient of friction is by placing the tub on a

perfectly level piece of the road laid in the ordinary way, and attaching one end

of a cord to the tub, the other with a weight at the end is passed over a pulley,

and whatever weight is found sufficient to keep the tub in motion without

accelerating its speed is taken as the amount of friction, and this weight divided

by the weight of the tub operated on gives the co-efficient of friction.

Another method consists in starting a tub down a piece of road which becomes
gradually flatter and observing where the tub comes to rest. The average

gradient between the starting and resting points shows the ratio of the friction to
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the weight. If a tub continues to run on \ an inch per yard dip or 1 in 72,
the friction is under T

x

? of its weight
;
on 1 inch to the yard or 1 in 36 the friction

is under -g^th of its weight.

Question 65.—What gradient would be necessary for a self-acting incline

whose length is 300 yards, six tubs being sent on either side, the empty
tubs weighing 5 cwt. each, and 9 cwt. of coal being sent in each, a

steel rope of i|-ins. circumference being used, the friction of the loads

being taken at -^th of the weight, and the friction of the rollers at -^-th of

their weight.

Ascertain by the rule already given the gradient at which the full and the empty
trains just balance each other, then it is evident that a slight increase in the

gradient will be sufficient to give them motion.
The full train is (9 + 5) x 6 x 112 = 9,408 lbs. The empty train is 5 x 6

X 1 12 = 3,360 lbs. A if-inches circumference steel rope weighs nearly 1 lb. per
yard. On 300 yards = 300 lbs. Rollers, say 30 @ 12 lbs. = 360 lbs. The

friction then on the loads and tubs will be
9>4o8 + 3,360_ 2 r r .3 lbs., that on the

5°
°

rope and rollers will be -3°° ^°- _ 26*4. 255*3 + 26*4 = say 2 % 2 lbs.

2 5
The full load is 9,408 lbs. and the empty load 3,360 + the 300 lbs. of rope on
it = 3,660. The difference in gravity therefore is 9,408 — 3,660 = 5,748 lbs., and
since equilibrium will ensue when the sum of the friction of the two loads is

equal to the difference of their gravity, 5,748 lbs. X ^-= 282 lbs. i = -
2 ^ 2

-

(j Cx 5,748

= —-— therefore the gradient would be 1 in 20*4, for the full and empty trains
20 4,

to balance each other, and it therefore should be 1 in 18 or 2 inches per yard to

overcome the resistance of the drum and give motion to the trains. If the
gradient is not quite uniform the heaviest part should be at the top.

Question 66.—An engine draws 10 tubs of coal up an incline 100 yards
long whose gradient is 1 in 9, at an average speed of 5 miles an hour,

what will the same engine draw on a level road of the same length ? A
steel-wire rope weighing 7 lbs. per fathom is used.

Suppose the loaded tubs to weigh 10 cwt. each, 10 x 10 x 112 = 11,200 lbs.

For the rope 100 x
1 1,200 + 350

3I = 350 lbs. = 1,284 lbs. due to gravity.

Take -^-th the gross load for friction,
1 1,200 ^°

- =413 lbs. due to friction.
28

The load would be 1,284 + 413 = 1,697 lbs. travelling 5 miles an hour,

£>697
x 5 x 5,280 _ 22 .^ horse-power. Of course the engine would require

6° x 33,000
or

to have double this horse-power, but for the purpose of the comparison
made, that need not be considered. To ascertain how many tubs an engine
of the same size will draw along a level road 100 yards long at the rate
of 5 miles an hour, the work of the engine per minute would be 22-63 x 33,000
= 746,790 lbs., but a good deal of the work would be devoted to overcom-
ing friction. A tail rope would be necessary on the level road, which would
make double the amount of friction for rope. Per minute it would be

t 2
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700 X 5 x 5,280 = 11,000. 746,790 — 11,000 ='735,790 lbs. The work due to

1, 1 20 x 5 x 5,280

28 x 60

28 x 60

friction on each tub of coal per minute would be

. 735 > 79°

17,600,

7,600
= nearly 42 tubs of coal the engine under these circumstances

would take out, but if the co-efficient of friction be taken at ^th of the gross

load, as is frequently done, the difference between what would be done on an

incline of 1 in 9 and a level road of equal length would be more marked.

Question 67.—What should be the diameter of the low-pressure cylinder

of a compound hauling-engine, if that of the high-pressure cylinder is

18 inches, the initial pressure of the steam being 147 lbs. above that of

the atmosphere and exhausting at 3 lbs. above the atmosphere, the length

of stroke being 27 inches ? At what point in the stroke would the steam

be cut off ?

Here the absolute initial pressure of the steam is 147 + 15 = 162 lbs., and
the pressure on leaving the low-pressure cylinder is 3 + 15 = 18 lbs. The rate of

expansion therefore is as 18 : 162, or 9 times.

By the formula a — A -7-
,
therefore 18 2 x *7854 = A -f-

254*469 = — A= 2 54*469 X 3= 763*407 ;
and therefore the diameter of the low-

pressure cylinder is v 763*407
= 31*17 inches. The expansion being 9 times,

the steam is cut off atv/^
- = Jrd of the stroke.



CHAPTER IX.

DRAINAGE.

Winding Water up Shafts—Lifting and Forcing Pumps—Making Pipe Joints Watertight—Balance
Bobs—The Windbore—Clack-piece—Fish-piece—The Working Barrel—Action of the

Pumps—Water Speed in Pipes—Construction and Method of securing Pumps—Preserving

Pipes from the Action of Mineral Water—Pump Rods:—Their Material ;
Method ofJoining;

Steadying ; Safety Catches—Attachment of Bucket to Spears—Hanging Clack and Bucket
Doors—General Arrangement of Lifting and Forcing Sets of Pumps—Determination of

Weight Necessary for Balance Bobs—Use and Action of the Air Vessel—Bunton and Plank
Brattices to form compartment in Shaft for Pumps—Arrangement for a Sinking Set of

Pumps—Sliding Suction for Sinking Set—Messrs. Thornewill and Warham’s Details of

Pump Work—The “ Deane ” Sinking Pumps—The Cornish Pumping Engine—The
Cornish Double-beat Valve—Davey’s Differential Valve Gear for Cornish Engine— Davey’s
Compound Differential Pumping Engine—Relative Advantages of placing Pumping Engines
Above and Underground—Steam Pumps—The Compound Differential Engine as arranged

underground—The Worthington Pumping Engine—Compressed Air for underground
Pnmping Engines—Hydraulic Pumps—Moore’s Hydraulic Mine Pump—Wire Rope
Systems of Pumping—Electrical Pumping Plant at the Trafalgar Colliery—Syphons for

Drainage of Underground Roadways—Memoranda—Powers of Engines for given work

—

The Pulsometer, its Action and Use—Pulsometer arrangement for Draining Underground
Workings—Calculation of Contents of Water Barrels.

The water which finds its way into the underground workings must be
removed. In the case of an adit driven at a proper rise and having no workings
to the dip, the water will run out without trouble

;
but in the case of a pit with

workings far enough beneath the surface, the water is removed either by
pumps placed in the shaft, or by tanks placed in the cage, to be used when the

pit has done drawing coals for the day. Unless the quantity is very small indeed,

it is found an advantage to have pumps, for with only 20 galls, per minute to be
removed it would take more than 6 hours winding, lifting one ton at a time at the

rate of 20 tons per hour, giving 3 minutes to fill, wind the cage, and empty. There
are two kinds of pumps used—the lifting and theforcing . In the lifting pumps, a

bucket works in the working barrel, the part of the pump below the bucket is

called the “ suction,” and above it the lift. The suction should not exceed from
20 to 24 feet in height. The height of the lift, limited by the strength of the

material and the weight of the spears, does not usually exceed 50 fathoms.

Spears or pump-rods connect the bucket working in the barrel with the beam
of the engine, and as they are inside the pipes conveying the water up the shaft,

they reduce the area of these for the water, and so increase the friction. Lifting

pumps are not suitable to great depths on account of the wear and tear to the

leather rings forming the packing of the bucket, necessitating frequent change,
and costing a considerable amount for repairs. In the forcing or plunger pumps
the plunger pole, or ram, works through a stuffing box into a plunger case of

bored cast-iron, and at every down stroke the water is forced upwards through an
upper clack into the column of pipes above, and these pipes in the plunger
pumps are quite clear for the ascent of the water.

The advantage of the forcing method is that there is less wear and tear, the

hemp packing of the stuffing box is preferable to the leathers of the bucket, as

giving less friction and being more durable. It is not necessary to remove the
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ram itself to do the repairs, but in the lifting pumps the bucket must always be
withdrawn from the working barrel when it is necessary to repair it. The spears

of the plunger pumps are exposed to view in the shaft, and in their descent their

weight is sufficient to force the water before them. In deep mines, where the

large moving parts are heavier than the column of water raised, it is necessary to

counterbalance the extra weight by balance bobs placed at the surface or at

intervals in the pit, or both. The joints between the various lengths of pipes and
that between the door and clack-piece are made tight by thin layers of some soft

material, such as tarred flannel, which is wrapped round a ring of lead or

wrought-iron, screw bolts and nuts being employed for tightening them at the

flanges.

In both kinds of pumps the bottom piece is called the windbore, or suction

piece, and has a number of holes in the bottom, covered by the water in the sump
of the pit or cistern in which it may be placed, and these holes are made of such a

size as to prevent pieces of wood or stone from entering the wind-
bore with the water. As a further precaution the windbore is

sometimes surrounded by a gauze cage. The next is the clack-

piece, provided with a door, and contains the clack, which is a

kind of valve resting in its seat. The clack may be taken out

for repairs through the clack-door, and if there is any risk of

this being at times impracticable, it is made with a bow on the

top, so that a hook, called a fish-piece, may be attached to the

end of the spears in place of the bucket and passed down the

column and secured to the bow of the clack, which is thus lifted

out of its seat and up the column of pumps. The fish-piece,

shown at Fig. 280, is frequently used during sinking operations.

When the fish-piece passes through the clack bow, the protruding

pieces at the sides are forced in, and after it has gone further

downwards they are again forced outwards by the springs shown
on the drawing. On the fish-piece now being raised these pro-

truding pieces project beyond the bow and lift it with them.

The next piece above the clack-piece is the working barrel,

which, in the case of a lifting set, has the bucket working in it,

and attached to the bucket are the spears extending upwards
inside the column of pumps to the beam of the engine, or to a set-off or
“ apron ” attached to the main spears working other sets of pumps in the

same shaft. At the top of the working barrel is the bucket door-piece, by
removing the door of which the bucket may be taken out for repairs. As the

rods descend the bucket moves down the working barrel, the clack-valves fall

and prevent the water from descending again to the windbore, and at the same
time the bucket-valves open and the water, except that displaced by the bucket
and rod, remains in the working barrel.

At the upstroke of the engine, the bucket-valves close, and the water which
stood in the working barrel at the down stroke is lifted on top of the bucket up
the pumps, whilst, owing to the pressure of the atmosphere on the water in the

sump, the water follows the course of the bucket in its ascent, and fills the working
barrel. If the holes of the windbore are not covered by a foot or two of water,

air will pass through them. This is unavoidable during sinking operations, for

the pump must keep the water down to the lowest point, and it therefore often

works partly on air. In all permanent pumps, however, care must be taken in

working the engine that this does not occur.
In the sketch of a lifting and forcing set of pumps shown at Fig. 281, the

necessity of two clack-pieces, with their clacks and doors in the plunger set of

pumps, is evident. As the ram descends the bottom clack closes, the water
passing through the upper clack to the column of pipes above. As it ascends the

Fig. 280.—Fish-
piece.
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bottom clack opens, and the

water from the cistern follows

its course, the water in the

column of pipes by its weight at

the same time closing the upper
valve. The diameter of pipes

which form the rising main and
the thickness of metal in the

pipes depend upon the quantity

of water to be raised, and the

height it has to be lifted. These
must be calculated. In order to

reduce the shocks to which all

pumps are liable the velocity of

the water in the pipes should not

exceed 240 feet per minute, and
it will be better to limit it to 200
feet per minute. The pipes

should be cast of a uniform

thickness, and have brackets

under the flanges, as well as a

belt round the pipe at the socket

end so as to better resist the

strain in screwing up the joints.

All the pipes should be faced,

and have just sufficient spigot to

keep the ring in position. They
are usually made 9 feet long.

To preserve the pipes from the

action of the mineral water (if

such is being raised), they are

lined with a thin casing of wood.
The pumps are kept steady by
collars placed across from the

buntons to the side of the shaft

at each alternate pipe, so that

these collars would be 18 feet

apart. The pump rods or spears

are usually made of Memel or

pitch pine, square in section,

and must be as sound and free

from knots and faults as possible.

They should be of uniform

lengths, so that a spare rod will

fit anywhere, and may be from

30 to 45 feet long. The lengths

are put together by scarfed joints

(Fig. 282), and secured by stout

wrought-iron plates and bolts.

Sometimes these plates are placed

on two sides only, but often a

plate is placed on each of the

four sides. Where the plates

are single there should be clinch-

bolts a little above the other
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Reference.

/, is the clack in its

seat in the lifting

set, and r is the
clack door.

r, is the bucket work-
ing in the working
barrel o’.

0
,
is the rising main
of the lifting set

and u the wind-
bore.

n, is a wooden trough
by means of which
the water is de-
livered into the cis-

tern v, from which
the forcing set takes
its water.

f, is the set-off and
iron straps from the
main rods c.

In the lifting set that

part of the pipe be-

tween the bottom of
the working barrel

and the top of the

clack piece is usu-
ally slightly re-

duced in size, and
this allows ofa drop
valve with bow be-

ing dropped down
into position after

the bucket has been
drawn up through
the rising main, if

it should ever be-
come necessary.

g, is the ram of the
forcing set, and e

its set-off and iron

straps by means of
which it is secured
to the main rods c.

by are spears working
through guides a a

,

to ensure the plun-
ger working truly

in its case ; the
spears b need only
be long enough for

the engine to make
its stroke.

/, is the H piece be-
tween the plunger
and clack pieces.

m and k are the two
clacks in their seat9,

p is the windbore
receiving water
from the cistern

Vy and d shows the
rising main of the

forcing set.
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bolts, and at right angles to them. The bolts are made square, and tightly

fit the holes prepared for them. The rods work through fixed guides to steady

and keep them straight. Where the rod passes through the guide it is cased

with hard wood about inches thick, which may be replaced when worn, and
these parts are well greased to lessen the friction. At intervals strong safety-

catches are provided to prevent the fall of the rods downwards in case of

accident. These consist of short upright balks bolted to the pump-rods, and,

at a point just below that reached when the rods are at the bottom of the

stroke, strong cross-beams are fixed in the shaft. The method of attaching the

spears to the bucket in a lifting set is by means of an iron rod fitting to the

bottom of the spears, and secured by bolts as at the joints of the spears, but

at the other end of the iron rod alluded to is half a joint which fits on to the

corresponding half-joint above the bucket-sword shown at Fig. 283.

Fig. 282.—
Scarfed Joint.

Fig 283 .—Clasp-joint’
for Attaching Bucket

Rod to Foot Rod.

Fig. 284 .—Heart Joint
FOR ATTACHING
Bucket Rod to
Foot Rod.

This mode of joining is sometimes called a “side-joint” or “clasp-joint”

to distinguish it from another form called a “heart-joint,” shown at Fig. 284.

In both a tapering ring of iron, somewhat similar to that used in capping pit

ropes, which has been described, is dropped over the joint to prevent its parting.

Large balks of oak, single, or two placed one above the other, are fixed across

the shaft to carry each forcing set of pumps. For the same purpose, in heavy

pump-work, wrought-iron box-girders are often used. They have to bear a great

weight in some cases,—the weight of a long column of pumps with the contained

water. Where circumstances admit of it the bottom forcing set may rest upon a

good foundation made of ashlar. The diameter of the ram-case is usually rather

larger than that of the suction or discharge-pipes, and where the water is

corrosive the plunger should be encased in brass. The bucket, as stated, works
in the working barrel, which is accurately bored out so as to ensure the bucket

working truly in it, and to prevent unnecessary friction. Sometimes the

working barrels are lined with brass or gun-metal, which greatly adds to their

efficiency. The bucket (see Figs. 285 and 286) is packed with rings of leather

to prevent leakage, and, in the common butterfly form, is furnished with two
falls on the top made of iron faced with leather, the falls working on a hinge in

the centre of the bucket on the top (see sketches). The hole in the bucket-rod

through which the hinge-pin passes, is slightly oblong to allow the falls to lift

a little in opening. Sometimes the buckets are made of brass. The clacks are
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usually made of brass, and have two wrought-iron falls faced with leather, similar

to those of the bucket. The clacks must fit accurately in their seats, and as they

remain at rest, the falls only opening and closing with the motion or weight of the

water, no leather packing is required.
In other respects a clack resembles a bucket, a sketch of which is given. In

the larger fittings, valves, single or double beat, are substituted for the clack. In

the single-beat valve the lift is about ^th of the diameter of the valve, and in the

double-beat, from y^th to th . The valve should fit easily on the spindle. The
great object, of course, to be attained by the valves is an uninterrupted passage
for the water in its ascent, and the prevention of leakage of the valve when closed.

It is important that all clacks or valves should be large in diameter, so as

to give ample water-way, and with as small a lift as possible to prevent shocks.

Platforms may be erected in the shaft for the examination and renewing of the

clacks, buckets, and for packing the plunger. Where
the clack and bucket doors are very heavy they may be
suspended by chains with tightening screws for con-
venience in taking them off and putting them on again,

or a winch from a recess in the shaft may be applied
instead of tightening screws.

The pipes of a lifting set should be at least an inch
larger in diameter than the bucket to allow of the bucket
being lifted up through the pipes. Where plunger
pumps are used it is customary to make the lowest set

of pumps a short lifting set, so that in the event of

the bottom lift being drowned by a rise of water through
accident, the bucket can be drawn up through the

rising main. If a forcing set were placed at the bottom,
the rise of water a few feet would cover all its valves, and
if these failed at such a time, the whole might be lost, or

at least, necessitate the employment of divers to get at

them. The lifting set lifts the water from the sump to

a cistern fixed or built on the next level. In some cases

the delivery-piece is bell-mouthed at the top with an opening at one side deliver-

ing into the cistern along a wooden trough or landing box placed for the purpose
;

in others the delivery box is fitted accurately to the top pipe, which is an ordinary

one. From this cistern branch-pipes lead to the forcing set (unless the windbore

of the forcing set is placed directly in a cistern in the shaft which requires no
branch pipes) and by it the water is raised a stage to another cistern, and so on
from stage to stage. All the sets of pumps except the bottom one are forcing

sets. The size of the spears is regulated by the work required of them, and for

large sets of pumps, from 20 to 24 inches in diameter, they are made from

12 to 15 inches square. From the main spears in the shaft the rams at the

several levels are connected by means of a set-off secured by strong iron straps.

A balance bob consists of a beam of iron or timber 20 or 30 feet long turning on
an axis at its centre. One end of the beam is attached by means of radius rods

to the spears, and the other to a box containing old iron, or other material of the

necessary weight. As the spears descend they have the weight at one end of the

balance bobs against them. In the upstroke this weight is an assistance. To
ascertain the weight with which to load the balance bobs, it is necessary to take

into consideration the relative weight of water in the rising mains, and the total

weight of the rods. If the latter much exceed the former, the weight placed to

counterbalance by means of the balance bobs must reduce the excessive weight

of rods, which, however, must always exceed that of the water in the rising mains
sufficiently to overcome friction and cause the down-stroke in the pit or the up-

stroke in the engine-house, with a Cornish Beam Pumping engine. With a

BUCKET SECTION .

Fig. 285.

Fig. 286.
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double-acting engine, where the force of the steam is used equally on both sides

of the piston, the more nearly the weight of the water in the rising mains corre-

sponds to the weight of the rods, the better, so that the engine in that case may
have an equal amount of work to do during both portions of the stroke.

It is a good plan to fix an air-cock on the top of the

working barrel. Air vessels are sometimes placed in

connection with the forcing sets of pumps. An air vessel

should be placed vertically on the delivery side of the

top clack and should have at least five times the cubical

contents of the stroke of the plunger, and to be efficient

must be charged at a pressure equal to the column of

the rising main. If charged with air at its ordinary

density, the air vessel is of very little use, and it is rather

difficult from its position in the shaft to keep the air

of a proper density. The action of the air vessel is

this :—As the plunger descends, a part of the water,

after passing through the clacks, enters the air vessel

instead of flowing up the rising main. In the up-stroke

of the plunger, the upper clack shuts and the flow of

water for sometime is maintained in consequence of the

relief from the pressure which forced it into the air

vessel. The advantage of the air vessel then is that it

forms a cushion to resist the blow of the plunger in its

down-stroke and ensures the more equal flow of water
in the delivery pipes. The water in the delivery pipes

where no air vessel is used is only in motion during half

|

. the time the engine is working, but with an air vessel the

^ water is in motion nearly the whole time, which permits

of smaller-sized delivery pipes being used.

To economise space in the pit, the lifts may be fixed

in one perpendicular line instead of as shown in Fig. 281.

In this case the rods immediately above the plunger and
those immediately below are connected by side rods of

wood or iron. Fig. 28 7 shows this method where thick

round iron side-rods are secured by screws and nuts to

two crossheads strongly attached to the plunger. By
this arrangement the rods are in the direct line of their

work from the main beam downwards, a one-sided strain

is avoided, and the shaft is left more free for other

purposes than where a number of sets are taken off in

various directions from the main rods.

^ JJ

If the shaft in which the pumps are placed is to be
used for a winding shaft also, the pump space should

be bratticed off. This divides the shaft into two unequal
compartments, the smaller of which serves for the pumps.
There are two methods of constructing the brattice in

the shaft, viz. the bunton system and the plank system.

In the bunton brattice, stringing planks which are deal

battens 7 inches x 3 inches in section are fixed to the
sides of the shaft, one on opposite sides, from the top to near the bottom. To
fix these securely, holes must be drilled in the walling at least 12 inches deep,
and these holes are afterwards plugged with wood to receive the spikes which
secure the stringing planks to the sides of the shaft. At points of the shaft that

have metal tubbing, the stringing planks are nailed to the joints of the tubbing.

Fig. 287.—Arrangement of
Forcing Sets of Pumps
in a‘Shaft.
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Notches are cut out of the stringing planks every 3 feet apart for the purpose

of receiving other buntons, which are placed horizontally from the one stringing

plank to the other across the shaft. These horizontal buntons are nailed to the

stringing planks, and cleading of fir boards from 1 to 2 inches thick are nailed

vertically to the horizontal buntons. The fir boards are either planed smoothly
at their edges to ensure a close fit, or if one compartment of the shaft is to be
used as a downcast and the other as an upcast, to prevent leakage, these boards

may have a groove ploughed in their edges, and a slip of wood which fits in

the groove is inserted as the brattice is progressing.

In the plank brattice, no horizontal buntons are used, and the stringing planks,

instead of being fixed singly, one on each side of the shaft as in the last case, are

placed in pairs on either side of the shaft, a space of 3 inches being left between
them. Memel planks 3 inches thick are then guided down edgeways through
the space formed on the opposite sides of the shaft by the stringing planks to

form the brattice. The brattice planks are kept in position by having their edges
planed smooth and by using iron dowels, or the joints may be made true as in

the manner described for bunton brattice. The plank brattice makes a stronger

and more permanent division of the shaft than the bunton brattice.

Pumps for a sinking pit are somewhat different from the permanent arrangement.
Either the whole set of pumps or the bottom part must be hung in the pit so as

to follow the progress of the sinking. A lifting set is invariably used in the

bottom of a sinking pit; and as the sinking progresses over 40 fathoms, a

permanent forcing set may be placed at that level, and the lifting set used again

for another stage, supplementary spears to work the bucket being attached to the

main spears. A method of hanging the pumps in a sinking pit is by two ground
spears, fixed one on each side of the set by iron collars. At the top of each of

the ground spears is one of a pair of 5 or 7-fold blocks called ground blocks, the

other being placed on buntons at the top of the pit. Through these blocks a

pair of ropes are rove, the bottom ends being connected to the ground spears and
the surface ends of each being taken to a ground crab. The ropes are called

ground ropes. The pumps are steadied in their position by means of temporary
buntons or collarings. The top pipe or pump is called a “ hogger.” It is bell-

mouthed on the top, and just below at the side is provided with a flexible hose to

accommodate itself to the varying height of the column. As the sinking proceeds,

the pumps are lowered by the ground crabs, and when the hogger pump is down
nearly to the delivery drift, it is taken off by means of the main crab, and lifted

over the top of the spears. To allow of this being done readily, instead of the

spears being attached to the engine beam, they are clamped to the front of a

piece of wood called a Y. A length of pump is then added to the column, a
length of spears being added as required, and the hogger pump replaced.

To avoid hanging the whole column, an arrangement, whereby the suction and
three following pipes only are suspended, and all other parts are fixed by buntons,
is often used. This is called a “ sliding suction,” that part being made tele-

scopic. When it is necessary to add a pipe, it is put in by breaking the joint

above the bucket door and lowering the parts below this to admit of the new pipe.

The engine must not be driven faster than is necessary to keep down the water, or

too much air will be drawn into the pumps to the injury of the working parts.

If it is desirable at times to lower the water below the level of the upper holes of

the windbore, these should be carefully plugged first with soft wood.
Figs. 288 to 297 show details of pump-work made by Messrs. Thornewill and

Warham, Engineers, of Burton-on-Trent.
Fig. 288 is a sliding windbore used in connection with a bucket set when sink-

ing. The snore-piece is made very strong to prevent its being broken by pieces
of rock striking it when the sinkers are blasting, and it has a hand-hole fitted with
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Fig. 296.

Fig. 297.

a wooden plug. On withdrawing the plug, the hand
may be passed through the hole to the inside so as to

clear the snore-holes when necessary. The lower por-

tion slides up or down by means of a stuffing box
which is usually packed with spun yarn and luted

(sealed) with clay. The lug shown on the drawing
above the hand-hole forms a means of attachment
for the suspending rods, which serve to raise or lower

the bottom portion of the slide-piece as required.

Fig. 289 is a working barrel with bracketed flanges

and spigot and socket joints. It is bored to gauge
and bell-mouthed at each end so that the bucket may
be easily led into the barrel bore.

Fig. 290 is an H piece for a plunger set with a clack-box and a portion of the

plunger or pole case attached by a branch.

Fig. 291 is a clack-piece for either a bucket or plunger set, and is well ribbed
for deep lifts.

Fig. 292 is a bucket with sword and half of clasp joint for attaching to corre-

sponding half on upper rod as shown in Fig. 293. The buckets have leather falls

Fig. 298.—The Deane Sinking
Pump.
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shod with iron, and bucket packing of leather held in place by a wrought-iron

hoop with crossbar.

Fig. 294 is a clack for a plunger-lift, and may be used for a bucket-lift when it

is not necessary to draw the clack up through the working barrel, in which latter

case a clack as at Fig. 295 is fitted. Both clacks have leathers shod with iron

plates securely riveted thereto.

Fig. 296 is a pair of strapping plates for bolting to the wood spears and having
fitted a pair of gun-metal boxes for attachment to the gudgeon of a T bob.

Fig. 297 shows the ordinary strapping plates and bolts for connecting the

various lengths of wooden spears.

The Pulsometer Engineering Company make a special form of sinking pump
called the “Deane” double plunger and shown in Fig. 298. It is designed to

raise water from depths beyond the range of the pulsometer, and as it takes up
but little room, will be found very serviceable in small-sized shafts of limited

depth. It will work either when hanging from tackle as shown in the figure or

when attached to the timbering by means of the “ dogs ” with which it is provided.

The pump is driven by a vertical steam cylinder with its piston, the strokes of which
are perfectly regulated by controlling valves. This piston imparts a reciprocating

motion to the barrel beneath and at the same time to the lower plunger to which
it is attached. This plunger is hollow, but has a valve opening upwards at its

upper extremity. The barrel beneath the piston of the steam-engine works over

an upper plunger, which is hollow and of smaller size than the lower. A valve is

placed below the lower plunger. The operation of the pump is as follows :—On
the up-stroke the water runs from the suction-pipe through valves and occupies

the displacement of the lower plunger while the contents of the upper barrel are

forced up through the upper plunger and discharge-pipe. On the down-stroke

the water in the lower barrel is forced through the valve at the upper extremity of

the lower plunger, and as the displacement of the lower plunger is double that of

the upper, one half is discharged at the delivery pipe while the other half is

accommodated in the upper barrel. Thus water equal to the displacement of the

upper plunger is discharged at each single stroke of the machine. By the con-

struction of the pump the water is forced up and through its several parts almost

in a straight line, doing away with all friction incident to circuitous and intricate

passages.

Various kinds of engines are used to work the pumps. Fig. 299 shows a side

elevation of the Cornish Pumping Engine. The following description is chiefly

taken from Andre’s treatise on Coal Mining
,
as also the drawing, Fig. 281,

usually associated with that of the Cornish Pumping Engine. The cylinder F
is 70 inches in diameter with a io-foot piston stroke. It is provided with a

cast-iron steam jacket connected to the boilers by means of the pipe H. The
boilers are situated below the pipe H, so that the water of condensation returns by
it. Where the boilers from unavoidable circumstances are above the cylinder, the

supply-pipe to the steam-jacket cannot serve as a return condensed water pipe,

and provision must be made for freeing the jacket from condensed water. This

will be best done by means of a steam trap. The steam-jacket is encased in

wood, the annular space between the two being filled by some non-conductor of

heat such as sawdust, and the whole is enclosed by brick-work either in contact

with the wood casing or separated from it by a few inches and is plastered on the

outside and covered with wood panelling. The cylinder cover is fitted with a

false lid or cap which encloses a thick layer of sawdust and is thus protected from
the cooling influence of the air. The space under the cylinder bottom is protected

from the same influence by steam filling it from a branch of the pipe H. C is

the main beam, cast in two plates which are bolted together, with distance blocks
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Scale of Feels.

10 9 8 7 6 3 + 3 *

between to keep them truly parallel. A catch-piece, A, is fixed to the upper part

of the beam by means of brackets. On the piston reaching the bottom of its

stroke, the catch-piece touches the blocks B, fixed on the spring beams, arresting

the piston and thus preventing injury to the cylinder by the engine making too
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long an in-door stroke. E is the plug or tappet-rod for working the valves and
cataract, and D the top nozzle shown also in section in Fig. 300. The nozzle
contains three valves. G (Fig. 300) is the governor or regulating valve, for
regulating the admission of steam into the chamber E E of the nozzle, whence

Scale/

Fig. 301.

Cornish Pumping Engine Valves.

it afterwards passes through the steam valve F into the cylinder. The governor-
valve is not moved by the engine during its working, but is regulated occasionally
by hand. In proportion to the raising of the governor-valve more or less, the
steam is less or more wiredrawn or reduced in pressure in its passage from the
steam-pipe into the cylinder. By this means, although the boiler pressure may
vary, the mean effective pressure in the cylinder will be kept more constant.
The motion of the governor-valve is under the control of the engine-man, and
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a handle is placed within his reach which is connected by a rod and a lever with

the valve-spindle.

F (Fig. 300) is the steam-valve which admits steam into the cylinder. The
chamber E E is not separated by the cover B, as maybe thought from the drawing,

but an uninterrupted passage is afforded for the steam through the chamber E E,

as shown by the arrows. On the steam-valve F being lifted (if the governor-valve

is also open), the steam is free to pass through it from the chamber E E to the

passage H, and thence by the steam-port J into the upper part of the cylinder. K is

the equilibrium-valve, and is situated in the middle of the nozzle. On being
lifted the steam above the piston is free to find its way along the equilibrium-

pipe M (Figs. 299, 300, and 301), and by the lower port into the lower portion of

the cylinder under the piston. At the moment the pressure of the steam above
and below the piston become equal, the rods R (on account of their weight)

hung at the other end of the beam descend, and the piston is drawn upwards,
the steam above it acting as a cushion in its ascent.

The upper nozzle D has an external casing of thin iron, a space being between
it and the nozzle which is filled up with saw-

dust or some other non-conducting material

to retain the heat.

A reference to Fig. 300 shows that the

three covers C, A, B, which are bolted to the

nozzle over the governor, steam and equili-

brium valves respectively, are of such a size

as to allow of the valves being examined or

repaired on removing the covers. O is the

bottom nozzle (Fig. 299), and shown in sec-

tion in Fig. 301. In it is placed the exhaust-

valve P for opening or closing the com-
munication between the lower part of the

cylinder and the condenser. Above the

valve the nozzle-chamber O is in communi-
cation with the cylinder by the lower port,

and under the valve the bottom of the nozzle

communicates with the eduction-pipe J on Fig. 299, S on Fig. 301. When
the exhaust-valve is raised the steam in the lower part of the cylinder is exhausted

into the condenser L.

That the action of the Cornish valve may be rendered plainer to the student, an

enlarged section of one is given in Fig. 302. The valve is designed to give a

large extent of opening for the passage of steam with little traverse, a small

amount of power being necessary to work it. E is the fixed seat, made of cast-

iron or brass, which forms part of, or is secured to, the valve-chamber. C is a

bell-shaped valve-piece, also of brass, actuated by a rod, B. The valve is in

contact with its seat at two places, D and H, which are formed into accurate

conical surfaces, the one, D, being internal, the other, H, external. When the

valve is closed these surfaces accurately fit similar ones on the seat, and when
lifted, as shown in Fig. 302, two annular openings are formed at the same time,

thus giving a double passage to the steam through the valve. The spindle, B, of

the valve, C, is fixed to a centre eye, cast in one with the valve-piece, and
connected to it by four arms, A A being two, the others being at right angles to

them. The seat is also formed similarly with four arms, having an annular ring

at the base, the top edge of which is bevelled and ground to fit the lower edge of

the valve, C, and when lifted forms the opening, as shown at H.
Referring again to Fig. 299 it will be observed that the piston-rod is connected

with the end of the beam by a parallel motion which ensures the ascent and
descent of the piston-rod in a vertical position whilst the end of the beam moves

C.M.H.

Fig. 302.—Cornish Pumping Engine. En-
larged SKETCH SHOWING VERTICAL SEC-
TION of Equilibrium Valve.

U
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through the arc of a circle. A very striking feature of the Cornish engine is the
cataract governor, G (Fig. 299), shown also in section in Figs. 303 and 304.
This and the parallel motion were the inventions of Watt. It consists of a pump
placed in a circular tank of water below the level of the cylinder. G is a barrel,
and F the plunger working in it as in an ordinary small forcing pump. The water
reaches the barrel through the inlet-valve, H, which opens freely upwards, but
the passage for the outlet is contracted as desired by a moveable plug, L. The
plunger is connected by a joint to the lever, A. This lever is loaded with a heavy
weight, C, on the same side of the fulcrum as the plunger, and the lever projects
on the other side of the fulcrum, terminating in the handle shown on the drawing.
When the tappet or plug rod, D (which is worked off the main beam), has
descended nearly to the end of its stroke, a projecting block on the lower part of
it, E, called a tappet, strikes the end of the lever, A, and in consequence the plunger,
F, is raised, the water flowing freely through the valve, H, and following the
plunger in its ascent. After the completion of the down stroke the piston of the

Fig. 303.

Watt’s Cataract Governor for Regulating the Speed of the Cornish Pumping Engine.

engine begins to ascend (due to the opening of the equilibrium-valve by the
tappet-rod), the tappet-rod also ascends, and leaves the lever, A, and the heavy
weight, C, which was raised at the same time as the plunger, becomes the motive
power in driving the water from the pump by forcing down the plunger. The
inlet-valve, H, having closed before the descent of the plunger, the only passage
for the water is by the aperture left round the regulating plug, L. It will be seen,
therefore, that the time occupied by the pump-plunger in its descent depends
upon the size of this aperture, which the attendant regulates by means of the
plug fitting it. Near the fulcrum of the lever, A, but on the tappet-rod side of it,

a rod, B, is jointed to the lever, and ascends vertically from it. In its ascent this
rod opens first the exhaust, and shortly afterwards the steam valve, thus causing
the engine to commence the next down-stroke. The rod, B, acts upon a catch
that releases weights which, by their fall, open the valves, causing a suddenness
of action for which considerable advantage is claimed, especially as regards the
admission of steam into the cylinder by the steam-valve. The interval of time
between any two consecutive strokes must, therefore, depend upon the time
occupied in the descent of the cataract-plunger, and upon the amount of opening
given to the regulating plug, L. By means of a micrometer screw and handle
connected with L by a rod and the lever, M, the plug can be regulated to any
degree of opening required. The steam-valve can thus be opened any desired
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number of times per minute, and the number of strokes in that interval of time

thereby regulated.

J (Fig. 299) is the eduction-pipe, connecting the condenser, L, with the bottom
of the exhaust-valve nozzle, O. The size of the air-pump, N, is approximately
half that of the steam-cylinder, being 2 feet 9 inches in diameter, with a 5-foot

stroke. It is fitted with a foot-valve. P is an ordinary plunger feed pump. The
condenser, L, is fitted with an injection cock and valve for regulating the cold-

water supply to it. The pump-rods, R, are frequently attached to the main engine-

beam, as shown on the drawing, without the intervention of a parallel motion,

and with only side guides in the shaft. The consequence is that near the surface

the rods deviate considerably from a vertical line in their ascent and descent, but
this deviation is less at lower portions of the rods. It is a much better plan
for the pump-rods to be attached to the main beam by a parallel motion, so as

to ensure the rods maintaining a vertical position. This may be done by a

gudgeon on top of the rods carrying two side-blocks working in cast-iron guides
for a sufficient length to take the stroke of the engine. The gudgeon may be
attached to the beam by two iron radius-rods, the space between them being filled

with pitch pine.

Husband’s Patent Gearing may be applied to the engine. In the event of

breakage this gearing is intended to open the equilibrium-valve, and stop the

engine.

The steam in the Cornish Pumping Engine is admitted at high pressure, and
may be worked expansively, the steam being cut off at some point of the stroke,

which may be from one-sixth to one-third. In consequence, however, of the

great shocks to the engine, and especially the pit-work, when a high rate of

expansion (with its accompanying high velocity during the stroke), is attempted,

which shocks lead to breakage and stoppage of the pumps, it is not found
advantageous to work at any but a very moderate rate of expansion, and thus

economy of steam is sacrificed for the sake of safety in working. The Cornish
engine being single-acting it necessarily requires a larger cylinder for a given

amount of work than a double-acting engine. As regards fuel consumed it is

economically worked, from 3 to 6 lbs. of coal being used per hour per indicated

horse-power.

The Cornish Pumping Engine is a wonderfully elaborate and complicated
specimen of ingenuity and skill. Where permanent working can be assured by a

continuance of the working conditions and requirements of the mine, it well

remunerates the enormous outlay necessary in purchasing and erecting the

immense structure. The cost of a first-class Cornish engine is about £8 per H.-P.
A 90-inch or 500 H.-P. engine therefore costs about ^4,000; then the three-

storied engine-house and pillars for such engine would require about 500 cubic

yards of building, the price of which varies in different localities, according to

the character and price of materials such as stone, brick, lime, &c. In Cornwall,

where suitable stone abounds, it seldom exceeds 6s. 6d. per yard. Again, the

steam case must be covered with some non-conducting material, or else, having a

greater surface-area than the steam cylinder, it becomes a large condenser.

Another objection to the Cornish engine is the large number of parts to main-
tain in an efficient state of repair and cleanliness. It has four double-beat valves

with their sets of bright nozzle gear, consisting of pillars, levers and guides,

quadrants and catches on the ground-floor, tappet-rod carrying its adjustable

blocks to work the four levers of double-beat valves and cataract governor in the

basement
;
air-pump and condenser with foot and delivery valves, injection cock

and valve and lever attachments
;

also a large cast-iron beam, which for a 90-inch
engine weighs 30 tons, and the parallel motion with its many joints, all requiring
a considerable amount of attention and care.

Davey's Patent Differential Valve Gear may be applied to work the valves of

u 2
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the Cornish as well as to other engines, thus doing away with the tappet gear.

A perspective view of it is shown at Fig. 305. A lever (a) called the main lever,

gives motion to the valves through a rod ( b ). The motion of the engine is given

to the outer end of the lever through the rod (c), by means of a lever of the first

order, the long end of which is attached to the plug rod or any moving part of

the engine, where it gets the motion of the piston on a reduced scale
;
the other

Fig. 305.—Davey’s Differential Valve Gear as applied to work the Cornish Engine.

end (d) deriving its motion from a subsidiary cylinder (<?), and being controlled

by means of the cataract (f). The cylinder has a slide valve, which is worked
by means of a tappet arm on the rod of the piston of a secondary cylinder

;
the

motion of the secondary piston is also controlled by a secondary cataract. The
slide valve is, however, free to move with the motion of a hand lever.

It will be seen that there are two hand wheels and a lever attached to the

cataracts. The function of the large wheel is to regulate the speed of the engine

during the stroke, the small wheel is for regulating the pause between the
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strokes, whilst the hand lever enables the engineman to work the engine by hand,

if necessary. A rocking shaft, not shown in the engraving, is employed to give

motion to the valves of the engine in the usual way.
The action of the gear may thus be described :—Let the engine be “ out

doors.” * The engine end of the main lever will then be in its highest, and the

opposite end in its lowest position, the secondary lever being lifted so as to admit

steam to the bottom of the secondary cylinder. The engine will pause until the

piston of the secondary cylinder has travelled to the end of its stroke, and lifted

the valve of the subsidiary cylinder. The pause will be long or short, according

to the regulation of the secondary cataract. The piston of the subsidiary cylinder

then having steam on its lower surface will travel upwards, actuating the main
lever with a speed dependent on the adjustment of the cataract. In doing so,

the steam valve of the engine will be opened by means of the rod (3 ), and a

rocking shaft, &c., and will be opened quickly, because the engine end of the

lever is, for the time being, stationary. Steam now being admitted on the

engine piston, it will, after overcoming the inertia of the load, move off at an

increasing speed, which is communicated to the engine end of the main lever.

The result is that as the opposite end of the lever is moving uniformly in the

opposite direction at the same time, the motion of the centre is soon reversed,

and the steam valve, which was opened by the motion of the subsidiary piston,

is closed by the differential motion brought into action by the motion of the main
piston acting on the same point.

Steam engines (such as the Cornish Pumping Engine, just described) in which
the exhaust steam is conveyed to a condenser and afterwards removed with the

air liberated in the process of condensing by the air-pump have a vacuum gauge
fitted to them, as a means of indicating the amount of vacuum obtained.

If it were possible to have a perfect vacuum by using the air-pump we should

have registered on the gauge about 30 inches or nearly 15 lbs. pressure per square

inch, and the more nearly this reading is approached the better the attempt at

producing a vacuum. The air-pump, however, never exhausts all the air from
the condenser

;
what is left is in a highly attenuated state, and this prevents the

gauge ever registering so great a pressure. Vacuum gauges are more particularly

described in Chap. XIV. of this work.

The Cornish Bull engine is a type of pumping-engine in which the beam is placed

below the cylinder and the spears are on the same side of the beam as the cylinder

A weight is placed on the other end of the beam. It is a double-acting engine and
has the assistance of the vacuum as well as the pressure of the steam during th?

up and down stroke of the piston. It does not require the expensive pillar

necessary for the single-acting Cornish engine, and being double-acting a

cylinder of half the size will do an equal amount of work. The cylinder is placed

vertically. A serious objection to the Bull engine is that it stands right over the

pit, the piston-rod forming one line with the spears.

Another kind of Cornish engine seems to be a combination of the two described.

In it the beam is placed under a vertical cylinder, the spears in the pit being at

one end of the beam, the cylinder at the other. This removes the objection of

the engine being placed over the shaft, and very expensive pillars are not required.

This is a double-acting engine.

* It is customary to speak of the Cornish engine as being “out-doors ” when the piston has

reached the top of its stroke, and “ in-doors ” on its descending to the bottom. In the case of

a horizontal pumping engine, the out-door stroke takes place when the connection between the

engine and quadrant moves away from the engine-house towards the shaft, and the-indoor when
the motion is reversed.
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Compound engines, having two cylin-

ders, admit of higher degrees of expan-
sion, without excessive speed of piston,

than is possible with a single cylinder.

The relative sizes of cylinders require to

be carefully proportioned to suit the pres-

sure at which it is proposed to work. This
class of engine is becoming more and
more in favour, and in marine engines,

where economy in fuel is of such import-

ance, three and even four cylinders have
been employed, the results being highly

satisfactory.

Davey’s Compound Differential Pump-
ing Engine, shown in Fig. 306, and
manufactured by Messrs. Hathorn, Davey
& Co., Leeds, owes its name to the dif-

ferential arrangement of the valve gear.

The engine is placed horizontally, is

double acting, condensing, and worked
expansively. The two cylinders are placed
in a line. Their relative diameters depend
on the initial pressure of the steam.

The back end of the high-pressure
cylinder forms the front cover for the low-
pressure cylinder. To meet this arrange-

ment a single piston-rod works in the

high-pressure cylinder and two in the

low-pressure, one on each side of the

piston, and these work through tubes on
the outside of the high-pressure cylinder-

jackets made for them. All the piston-

rods work on to one cross-head, and
motion is given to the pump rods or

spears by means of two quadrants or
L pieces, working two sets of pumps.
The engine does not require expensive foundations. In one arrangement the
low-pressure engine piston has a rod passing through its back cylinder cover

rig. 306.—Davey s Compound Differential
Pumping Engine.
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called a “
tail rod,” which works the air-pump and condenser, which are placed

on a separate bed, behind the low-pressure cylinder. With large engines, the

air-pump and condenser are placed by the side of the engine and under the

engine-room floor, as illustrated in Fig. 306.

Davey’s shutter valve may be applied to pumping engines. By its means the

engine is enabled to do more work on one side of the stroke than on the other, and
is especially useful when the engine is used for sinking operations, as it enables the

engineman to adjust the steam supply whilst the engine is running, and cause it

to work uniformly, even though the pumps may be constantly put out of balance

by the sinking operations. In the Differential engines intended for sinking

purposes one of the quadrants is provided with a balance arm, for the convenience
of balancing the engine as the shaft: is sunk. To avoid the necessity of altering

the balance weight during the progress of the work a shutter apparatus is placed
on the back of the main steam valve, enabling the engineman to adjust the

relative supply of steam to the two ends of the cylinder, and thereby causing the

engine to work uniformly when out of balance.

Davey’s safety trip gear is applied to a direct-acting pumping engine in order

to check it in the event of the breakage of a spear rod, or to resist the action of a

riding column on the pumps. It is applicable to direct-acting engines of all

descriptions. By this gear the communication between the high and low
pressure cylinders is kept open by a catch which is released by the engine

whenever it suddenly increases in speed from loss of load.

The great features of the Differential engine are its differential valve gear and
safety trip gear. They admit steam to the engine in proportion to the resist-

ance to be overcome, and in case of a sudden total loss of load, reverse the

steam to catch the piston. The distribution of the steam is effected by coupling

the motion of the engine with that of a subsidiary piston whose velocity is made
uniform by its cataract. The engine is made to cut off steam by its motion, while

the uniformly moving subsidiary piston is employed in admitting it. As long as

the resistance to the engine is sufficient to prevent its motion from becoming
equal to that of the subsidiary piston, steam is admitted up to the fixed point

of cut-off
;
but should a loss of resistance, or an increased pressure of steam cause

the engine to acquire a speed relatively greater than the speed of the subsidiary

piston, the motion of the steam-valve would be reversed earlier and the supply of

steam would be adjusted to the altered conditions. The effect of a sudden loss

of load is to reverse the action of the valves and to throw the steam against the

motion of the piston, stopping it before the end of the stroke, and this is done by
the automatic working of the valve gear. The Cornish engine has no such
efficient means of avoiding shocks, and the contrivances for preventing injury to

the engine in case of accident are of a rougher description. The Differential

pumping-engine gives a uniform speed and prevents all shock
;
and it does not

require so expensive an outlay for the engine-house.

The quadrants connecting the pumps to the engine are constructed of wrought
iron, and are so arranged that one plunger makes the up stroke whilst the other

is making the down stroke
;
thereby a continuous stream of water is delivered

through the rising main.

The suction and delivery valves and valve boxes are specially constructed to

withstand heavy pressures, and are so arranged that they can be readily got at in a

chamber by the side of the pit.

The engines are made in all sizes up to 76-inch cylinders, and io-foot stroke,

and have been very largely adopted both for coal and metalliferous mines.

The cost of working a Compound Differential Pumping Engine, supplied to

the Yarlside Mining Company, Dalton-in-Furness, including fuel, wages, stores,

repairs, and interest on capital at 10 per cent, amounted to less than one farthing

per 1,000 gallons raised 100 feet high.
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The engine has 33- and 60-inch cylinders with a io-foot stroke, and it works
two 20-inch plunger lifts, each pumping 400 feet high in one lift.

A larger engine of this description has been supplied by Messrs. Hathorn,
Davey & Co., to the South Staffordshire Mines Drainage Commissioners. It has
a 44-inch high and a 76-inch low pressure cylinder, the stroke being 10 feet,

with air-pump and surface condenser, fitted with a large number of i-inch gun-
metal tubes. The condensed water is cleared from grease, and is then used to

feed the boilers. The engines work two 19-inch plungers, with io-foot stroke

placed at a depth of 464 feet, forcing the water up an 18-inch column to the

surface. The buckets and clacks are of gun-metal and of the Cornish type,

with double beats. At each stroke of the plungers 245 gallons of water are

raised, and the engine is capable of raising 2,000,000 gallons in twenty-four hours.

The advantages of pumping-engines being placed on the surface are :—

a

minimum of loss in the steam-supply, the boilers bein'g close to the engines

;

better supervision and greater facilities for repairs
;

if the mine should be flooded,

and the water rise above the pumps, the engine can work on uninterruptedly
;
and

further, in cases where the heaviest feeders are met with and collected in the

shaft, the lifts may be reduced in size from the top lift downwards. The water,

perhaps, is pumped out of a shaft by means of a sinking set. The engine
obtained for the purpose of working the pumps during sinking may be made to

work the pumps permanently.

Pumping-engines are sometimes placed underground. A pit may be sunk
comparatively dry, or the water may have been wound out by barrels or
“ kibbles ” during the sinking, and afterwards large quantities of water may be
made in the workings. On the other hand, a great advantage of the engine
being placed underground is the absence of the cumbersome pump rods or

spears, which are both costly in the first instance and in the wear and tear of

working. Moreover, the spears limit the length of the column. Another
advantage of placing the engine underground is derived from the fact that a

much smaller engine will do the work there than on the surface, as the pumps
may be always double-acting, and pump-rods being dispensed with, may be

worked at a higher speed than engines on the surface. Lodge-rooms and cisterns

in the shaft are also not required. In the usual form of pump worked by an
engine on the surface the water is only in motion half the time, but with the engine

placed underground it is continuously so, and smaller pipes will suffice, although

they may require to be made of thicker metal in a long column. A disadvantage

in placing the pumping-engine underground is that a disarrangement or accident to

the pumps is more difficult to deal with, and also that the engine is liable to be

drowned whilst standing. Steam may be conveyed from the surface down the

shaft to the engine, or the boilers may be placed underground, but as stated

when dealing with steam haulage, it is better to have the boilers on the surface.

All large engines for underground pumping and their pumps, and most of the

smaller engines or steam pumps, are placed horizontally, an arrangement which

takes up little room and gives great compactness. The piston of the engine and

the plunger of the pump are generally on one rod. The pumps under-

ground should be double-acting, and it is well to have a pair of engines

either of which is capable of working the pumps. The engines may have

condensing arrangements or may exhaust into the upcast shaft. If there is

no separate condenser, the exhaust steam can be led into the suction water pipe,

which will not only get rid of the steam, but assist the engine by forming a

partial vacuum. The Compound Differential engines give excellent results

when placed underground. They have been made of all sizes of cylinder up to

60 inches in diameter and 8 feet stroke. The engine has frequently been placed,

where circumstances have permitted, at a position in the pit above the workings,
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and the water made in the latter has been lifted to the main engines by means of

a hydraulic pumping engine, deriving its supply from the rising main of the main
pumping engine. This arrangement has been adopted by Messrs. Hathorn,
Davey & Co., in cases where the workings would be flooded before the water

could reach the main engines. The hydraulic engines are so constructed as to

work under water. In many cases, the power is supplied to them from
accumulators on the surface.

The Worthington Compound Expansive Pumping Engine is thus described in

The Practical Engineer of Feb. 22, 1889.
Direct-acting steam-pumps of the usual type are wasteful in their use of

steam, and do not work so economically as the best expansive fly-wheel engines
and pumps. They are, however, very convenient for small powers, and have the

advantage of low first-cost and inexpensive maintenance, which may in some
instances compensate for excessive steam consumption. Where the steam
cylinder is in direct line with the ram driven without the intervention of a fly-

wheel, it is evident that throughout the stroke a fairly uniform pressure must be
maintained on the piston to overcome the resistance of a constant head of water
in the pumps. The full boiler pressure must therefore be carried throughout
the stroke, or if this is more than is required to overcome the resistance, the

steam must be throttled throughout the stroke.

The Worthington pump is an improvement on the ordinary form of direct-

acting steam-pumps, and the objections raised to the use of the latter do not
apply to the former. Figs. 307 and 308 show a Worthington pumping-engine
designed for large powers and high duty. It is a compound engine, and con-
siderable expansion is obtained in the steam cylinder without the intervention of

fly-wheels or other heavy moving masses. Two distinct steam-cylinders and
pumps are placed side by side and so arranged that the slide-valve of the one
steam cylinder is actuated from the piston-rod of the other. By this means the

piston-valves common to other direct-acting pumps are dispensed with and only
plain slide-valves used. The two engines act in concert, so that one is always in

motion whilst the other is stationary : therefore both valves are never at rest at

the same time, and there is no tendency to stop in any position without starting

again, whatever speed the pump is working at. The plungers are double-
acting, and a continuous flow of water is obtained. The pump works without

shock or jar, and almost noiselessly, even against the heaviest pressures. The
gear designed to equalise the varying pressure in the steam-cylinder due to the

expansion is shown at Fig. 308. It consists of two oscillating cylinders working
on trunnions placed so as to be opposite to each other at the centre of the piston-

stroke. The pistons working in them are single-acting and are connected to the

piston-rod, as shown in the drawing. The motive-power for the oscillating

cylinders may be air or water supplied from suitable reservoirs, pressing the

pistons outwards. At the commencement of its stroke the full boiler pressure is

admitted to the steam piston, and the oscillating or compensating cylinders point

in the direction shown in position 1, Fig. 308, and resist the forward motion of

the steam-piston. The resistance gradually diminishes as the middle of the

stroke is approached, and, when reached, the air cylinders press against each
other without affecting the steam-piston, as shown in position 2, Fig. 308. As
the steam-piston continues its course beyond mid-stroke, the compensating
pistons give out more and more power and assist the steam-piston, their force

being greatest at the end of the stroke, when the steam pressure is at its lowest.

They are then in position 3. The effort of the steam is resisted at the first part

of the stroke and strengthened at the latter part. In the engine shown on
drawings four steam cylinders are used, two to each pump, high and low
pressure

;
another form of Worthington pump contains only two steam and two
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water cylinders, but they always consist of two steam-pumps placed alongside

each other. In consequence of the slide-valve arrangement, whereby the piston-

rod of one cylinder actuates the slide-valve of the other, the pump is always

ready to start, in whatever position it may stop, like an engine with two steam
cylinders and cranks at right angles.

Double steam-ports are used in the cylinders, the object of which is to cushion

the piston and prevent its striking the covers. When the piston passes the first

port in its motion towards the cover, it compresses the steam contained and
stops. If the second port were not at the end, when the steam-port opened, the

piston would not be started. If the first port were at the end, there could be no
cushion for the piston.

In a test of the duty obtainable from these pumping-engines, with an engine
having a 26-inch stroke, the high-pressure cylinder being 1 foot 6 inches in diameter

and the low-pressure 3 feet in diameter, the indicated horse-power of the four

Fig. 308.—Worthington Compound Expansive Pumping Engine. Oscillating Cylinders to
Equalise the Varying Pressure in the Steam Cylinders.

cylinders was 130*5, and that in the pumps 120*4, which is equal to an efficiency

of 92 per cent. The piston speed per minute per engine was 86*9 feet
;
boiler

pressure 101 lbs. per square inch above atmosphere, and the number of expansions
14*1. The consumption of coal per indicated horse-power was estimated at

1*7 lb.

Power is transmitted very easily and safely for even long distances by means
of compressed air, although only a small percentage, probably not more than

from 20 to 30 of useful effect, is obtained. It is an exceedingly suitable and
handy means of working pumping-engines, hauling-engines, or coal-cutting

machines in the workings of a colliery.

There are occasions when hydraulic pumping-engines can be beneficially

applied. Thus, where water is brought to the shaft at a point above the level of

the main pumps and has to fall down to the pumps, its fall represents a power
proportionate to the quantity and to the depth it falls. In any case where there

is a surplus of power in the main pumping-engine a hydraulic may be used for

pumping from the dip, the power-pipe being taken from the rising main, or a

lodge-room in the shaft or even from the surface. Whatever the source of

supply, it should be situated at least 10 fathoms above the discharge at the sump
—the more the better for the working of the hydraulic. In many cases where
water is available with a head sufficient to give the necessary pressure, small

quantities may be raised from dip-workings to the sump. Where the main pump-
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ing-engine is already working at its maximum power the hydraulic system cannot
be applied.

The usual arrangement for hydraulic pumps is to have the power-piston and the

ram on one rod, one behind the other. The valves are specially made and are

generally worked by a tappet arrangement. The surplus pressure on the piston over

the ram gives its motion
;
the area of the piston x lbs. pressure of head is in

excess of the area of the ram x lbs. pressure of its head + friction. The speed
of ram is from 18 to 30 feet per minute. Friction is an important point in

hydraulic pumps. The loss of head in forcing water through long pipes is inversely

as the fifth power of their diameters. For instance, with a 2-inch and a 4-inch pipe

of the same length, in order to force the same quantity of water through them, the

difference of loss of head would be as 1,024 : 32 ;
or, say 165 gallons per minute

had to be discharged at a distance of 400 yards, ‘the 2-inch pipe would require

180 feet of head, while the 4-inch pipe would only require 5*625 feet of

head to overcome their friction. In proportion to the relative costs of the pipes,

the size of the supply pipe, and more especially the discharge-pipe should be large.

An objection to hydraulic pumps arises from the fact, that whether the pump
has much or little work to do it takes the same quantity of water to do it. The
water after doing its work in the hydraulic pump is discharged into the delivery

and returned along with that pumped to the sump.
A very ingenious method of raising water from mines is by means of Moore’s

hydraulic mine-pump. An ordinary horizontal steam-engine placed on the

surface works a double-acting water-ram, also on the surface. A strong wrought-

iron tube connects the two ends of the water-ram case, and also from either end
of this case a power pipe is carried down the shaft to the bottom, or to any point

in the workings where it is convenient to fix the hydraulic pump.
The hydraulic pump consists of a double-plunger pump, having connecting

rods projecting through glands at each end, and these are made a suitable length

to form the plungers of two hydraulic rams, placed at either end of the main
pump as shown in Fig. 309. The two power pipes after being carried down the

shaft are connected to the outer end of each hydraulic ram. The main pump is

double acting, and has two suction valves and connections to a single pipe from

the sump or cistern and also two outlet valves and connections to the rising main.

Protection against shocks caused by the stoppage of the moving power column,

or by irregularities between the motion of the engine rams and the underground

hydraulic rams, is obtained by a connection between the two power pipes, and by

providing a relief-valve, which, when opened, allows the water to pass from one

column to the other. The hydraulic ram gives motion to a small bell crank at

the end of each stroke, which works the relief-valve. The reciprocating action

of the engine rams on the surface is transmitted direct to the underground

hydraulic rams, the water forming a rod which receives motion from the engine

rams at one end, and transmits it to the hydraulic rams at the other, there being

no valves whatever between. The water in the power pipes should be quite clean

when first placed there, and is not afterwards changed. Care must be taken,

however, to maintain the column of water solid, so as to completely fill the ram
cases and the power pipes

;
and to provide against leakages, small inlet valves

and pipes, connected to a cistern, are placed at a higher level. If the pump is a

small one, the steam-engine on the surface may be direct- acting ;
the piston rod

passing out through the back cylinder cover, and there connected to the water-

ram. With large pumps, a small engine running at a high speed may be geared to

the pump, as the water in the power pipes must not have a high velocity. The
engine should have a heavy fly-wheel on the crank shaft. The power columns

are worked at a high pressure— about 1,000 lb. to the square inch. The area of

the rams and power pipes should be so proportioned that the rams travel at a

speed of about 80 ft. per minute, and the speed of the water in the power pipes
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may be about 300 ft. per minute. The relative sizes of the plunger pump and the

hydraulic rams must necessarily vary with the quantity of water and height to

which it is to be raised, and also with the pressure at which it may be decided to

work the hydraulic rams.
A great advantage from this system of pumping water out of mines, arises from

its having no moving rods in—or beam overhanging—the pit, no leaky steam-pipes
in the shaft

;
the only moving parts being at the engine on the surface, and at the

hydraulic pump underground
;
and further, the power pipes take up less room in

the shaft than pump rods. It is applicable to pump water in a shaft from any
depth, or from dip workings which may be at a considerable distance from the
shaft, or it may be used in a sinking pit. Where used to drain a sinking shaft

the pump and pipes work in guides, and are suspended by two chains or rods
from a hydraulic ram fixed on the surface, and lowered as the sinking proceeds.
When a shot has to be fired in the bottom the whole apparatus is raised a few

feet out of the pit bottom. The shot having been fired without injury to the
pump, the latter is again lowered into its place in the sump.

A method of pumping water out of dip workings consists in making use of a
hauling rope where one is at work, which may be made to give motion to the
pump. For the same purpose a steam-engine may be placed at the shaft and
communication made to the pump by means of a clip pulley and an endless rope.

Wire-rope systems of pumping require considerable attention, are expensive to

maintain, more especially where the rope is carried along undulating roads having
many curves. For pumping limited quantities up from dip workings, a horse-
pump and for still smaller quantities a hand-pump may be used. Pumps worked
by horses, however, are not to be recommended. The net result from horses
employed in this work is very small, as they can only be worked for a short period
at a time,
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The application of electricity to underground pumping is practical and in some
instances may be economical. At the Trafalgar Colliery, Forest of Dean,
Mr. Frank Brain has erected pumping plant which is working satisfactorily and
economically. The plant consists of a single 1 6-inch cylinder engine with a
1 2-inch stroke working with about 35 lbs. steam pressure on the surface. The
power is applied to a generator placed on the surface near the shaft, by means of

a belt carried on two pulleys, one being on the crank shaft of the engine, the

other on the generator. The pump and electro-motor (the latter being a machine
for converting the energy of electric currents into the energy of mechanical
motion) are underground at a distance of 1,650 yards from the bottom of the

shafts, and the water is raised through a vertical height of 300 feet to the pit

bottom, along slant roads.

The pump is a double 9-inch plunger with a 10-inch stroke and fitted with

gear running six to one. The spur pinion is keyed on the same shaft as a

64-inch pulley which receives motion from a 14-inch pulley on the motor shaft

by means of a leather link belt. When the motor runs 650 revolutions per
minute, the pump makes 25 revolutions.

The electric current is conveyed to the motor from the generator on the surface

by means of a copper cable 2,000 yards long, wrapped with compounded tape, and
taken down the shaft in wooden boxes. It is not afterwards enclosed but carried

along the side of the underground roads, being supported on earthenware insula-

tors at intervals of about 10 yards. An old pit rope is used as a return cable. It

is about 4 inches in circumference and secured to the road posts by staples. A
small insulated copper wire, connected to a battery of eight No. 3 Leclanche
cells, connects the engine-house on the surface with the pump-house underground,
and through this is registered, upon a bell placed for the purpose in the former,

each stroke of the pump. The same wire serves as a telephone line, so that

conversation can be carried on between anyone in the engine-house with the man
in charge of the pump underground. The water pumped is about 114 gallons

per minute.

Syphons may be beneficially applied for conveying water in mines under certain

circumstances. The principle of the syphon depends upon the fact that the

atmospheric pressure will sustain a column of water 34 feet high. In its simplest

form it is merely a tube bent like the

letter U inverted, and having one leg

longer than the other. If the short

leg be inserted in the water to be

drawn off and the air extracted from
the inside of the tube, the atmo-
spheric pressure acting on the sur-

face of the liquid forces it up the

tube. The liquid will consequently

flow through the longer leg until the

level of the liquid falls below the

short end of the tube, or, if the

liquid be water, until the surface

falls to 34 feet below the highest

point of the tube.

Two circumstances limit the application of the syphon. Its highest point must
be less than 34 feet above the surface of the water to be run off, and the delivery

end of the pipe must be lower than the plane of the surface of the water to be
removed. Suppose, in Fig. 310, A B D to be a syphon filled with water. The force

acting on the vessel at D is the pressure of the atmosphere and the water is driven

in the direction D B by that force, less the weight of a column of water whose

£ B c
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height is D C, and the force acting on the water at the discharge A is the pressure

of the atmosphere, less the weight of a column of water whose height is A E.

From this we find the pressure tending to maintain the flow of water. Suppose
the long leg in the syphon to be 30 feet and the short one to be 20 feet, the pressure

maintaining the flow would be as follows :

—

Pressure of the atmosphere at D
„ „ the water column D B, 20 ft. x 1

Pounds per
square inch.

. 147
: 2 x *036 = 8*64

Pounds per
square inch.

6‘o6

„ „ the atmosphere at A
„ „ water column A B, 30 ft. x 12

. 147
x *036 = i2’96 174

4
’

3 2

The effective pressure acting on the water towards B is 6*o6 lbs. per square inch
and that at A, tending to uphold the column is 1*74; so that the real effective

pressure maintaining the flow is 4*32^8. per square inch. Any other lengths of

legs may be calculated, and it will be seen that the less the resistance in the long
leg, the more is the effective power increased. Fig. 31 1 shows the method of

laying a syphon in a mine where it is desired to remove the water from the

workings at A over the hill B, to C, where proper provision is made for its after

disposal. The vertical height D B, should not exceed 28 or at the most 30 feet.

Care should be taken in laying the pipes to make the joints perfectly air-tight.

A clack must be fitted at A, to prevent a back-flow of water during the filling of

the pipes. A tap must be placed at the delivery end C, which is kept shut during

the filling. A small tap must be placed at the highest point B, and if the pipes have
not a regular rise and fall each way from B (which should be always aimed at), a

small tap or plug must be placed at every point in the pipes where they dip both

ways. These are necessary for the air to pass out of the pipes as they are being
filled. For this purpose these taps are opened, or if plugs they are taken out

during the filling, and as the water rises in the pipes to each hole, the taps are

closed or the plugs put in. When the pipes are full the tap at C is opened.
There are different ways of filling the syphon. Where the syphon is near the

shaft or circumstances admit of it, small pipes may lead from a cistern to the

syphon, in which case it is merely necessary to turn the tap of the small pipes

to fill the syphon. Another plan is to pump the water in from the supply end. A
third method is by pouring water into the pipes at the highest point, but this

usually entails leading the water there, and would only be adopted under
exceptional circumstances.

In long syphons with pipes of large diameter, the water to be run off varying
in quantity, a good plan is to sink a staple under the short leg and continue the

pipe down into it, and it thus becomes self-regulating, because the water will not
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sink below the level of the pipe, though the feeder may vary. In cases where the

feeder is not sufficient to keep the pipes running full, a float may be placed on the

top of the water, and connected with a chain passing over a fixed pulley with a

weight attached. As the water lowers the weight is drawn up by the float so as

to partially stop up the intake-end of the pipes, and as the water rises again the

float is raised, and the weight lowered, thereby allowing the syphon to run faster.

In fixing syphons it should be borne in mind that the greater the fall in the

delivery-leg, and the less the height of the short or suction end, the better it will

work, as has been demonstrated by the explanation accompanying Fig. 310 and
the example given. Although theoretically 34 feet is the height to which the

water will rise, owing to atmospheric pressure, in practice that is never attained,

and a syphon must be well laid and managed where the highest point of it is 30
feet above the suction-end of the pipes. Gas oozing from the ground, and rising

in bubbles through the water beneath either end of the syphon, interferes with

its action in the same way as leakages at the joints, and will sometimes cause the

stoppage of the syphon. To prevent this a bell-mouthed piece of metal with a

bottom to it may be placed in

the water below the end of the

pipe where such gas is, which
will divert the bubbles, and
prevent their entering the pipe.

A good plan consists in placing

an air-receiver at the highest

point in the pipes, because the

water absorbs more air at at-

mospheric pressure than it is

able to retain in absorption

under the reduced pressure

at the summit of the pipes.

An air-pump can then be used

to extract the air, a tap being

placed in the receiver.

The practice of having pipes of a larger diameter at the delivery-end, as

compared with the suction-end, is to be condemned. The consequence of such an
arrangement is that the discharge must leave room for air to enter, which will

interfere with the working of the syphon. A cure for this would be to let the

delivery-pipe be taken to a box, and the discharge always be under water. The
water would run over the sides of the box, and the entry of air be prevented. It

is much better to lay pipes of a uniform size, or where this is not done, to let the

delivery-end be the smaller pipes.

The sketch of syphon (shown at Fig. 312) is well suited for a large quantity

of water, the pipes being from 3 to 6 inches diameter, made of cast-iron with

flange joints. A is a suction pipe. B is a clack-valve opening outwards. C is a

regulating tap which is used only when the water is nearly out or the pipes likely

to come on “ air.” E is a T-pipe, on the top of which, but in the bottom of

box, D, is an air-discharging valve
;

this box should be kept full of water to

prevent any air from entering by the valve when the syphon is working. F is an
inch pipe, with a tap turned by lever f, which is in the position of shut as shown

;

this pipe connects the syphon with K, the pit-pumps. G is a large tap, with a

lever similar to f
;

in this position it is shown open. H is a weight to take down
the levers f and g when they are in the position of I I. J, J, is a rod which
connects levers f and g together.

If the pipes are empty, and are required to work, press down the lever, L, which
will raise levers f and g to the position of I, I. By this action the tap, F, is

opened, and the large tap, G, is shut when the water rushes through the tap, F,

Fig. 312.—Syphon connected with Pit-pumps.
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into the syphon, which fills it in a few minutes, the air blowing off at valve, E.

Whenever the air is all expelled from the pipes the water overflows at box, D

;

then let go the lever, L, when the weight, H, will take down levers f and g, which

shuts the tap, F, and opens the large tap, G
;
the syphon will now be working, and

will do so while the pipes get water at A.

The following useful memoranda relate to Water and pumps :

—

From Molesworth.

1 Cubic foot of water = 62*4 lbs. =5 6*2355 gallons.

1 Cubic inch of water = *036 lbs.

1 Imperial gallon of water = 10 lbs. = 0*16 cubic foot = 277*274 cubic inches.

1 Cwt. of water = i*8 cubic foot = 1 1*2 gallons.

1 Ton of water = 35*9 cubic feet =224 gallons.

Pressure of Water per square inch at Different Heads.

P = Pressure in lbs. per square inch.

H = Head of water in feet.

P = H x *4333.

II = P x 2*31.

Pressure per square foot = H x 62*4.

Cubic feet of water X *557 = Cwt. approximately.

„ x *028 = Tons „
1 Cubic foot of sea water = 64*14 lbs.

Weight of sea water = weight of fresh water x 1*028.

Delivery of Water in Pipes .

D = Diameter of pipe in inches.

H = Head of water in feet.

L = Length of pipe in feet.

W = Cubic feet of water discharged per minute.

w = „, JS™
d= „«

Hawkesley’s formula for the delivery of water in pipes is,

G = Number of gallons delivered per hour.

L = Length of pipe in yards.

H = Head of water in feet.

D = Diameter of pipe in inches.

G2 L
H

G = H

Molesworth's Rulefor the Weight of Pipes .

D = Outside diameter of pipe in inches,

d = Inside diameter.

C.M.H. x
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w = Weight of a lineal foot of pipe in lbs.

w = k (D2 - d2
).

and k = 2*45 for cast iron.

2*64 „ wrought iron.

2*82 „ brass.

3-03 „ copper.

3*87 „ lead.

The following are also from Molesworth :

—

Useful Numbersfor Pumps .

D = Diameter of pump in inches.

S = Stroke of pump in inches.

D2 x S x 7854 = cubic inches.

D2 x S x *002833 = gallons.

D2 x S x *0004545 = cubic feet.

D2 x S x *02833 = lbs * fresh water.

To find the Diameter of a Single-acting Pump .

L = Length of stroke in feet.

G = Number of gallons to be delivered per minute.

N = Number of strokes per minute.
D = Diameter of pump in inches.

V -034 x L x N
G = D2 x *034 L N.
The reason of *034 being used in this formula is that a cylinder 1 inch diameter

and 1 foot long contains *034 of a gallon.

Note.—This formula gives the net diameter of the pump-plunger; it is usual

to increase the area of the plunger Jth to allow for leakage, &c.

Pumping Engines.

G = Number of gallons to be raised in 24 hours,

h = Height in feet to which the water is to be raised.

H. P. = Horse-power required.

H. P. = —— — 20 per cent, must be added to overcome friction, &c.,
4,752,000

and 50 or 60 per cent, more is usually allowed for contingencies, making a total

of 70 or 80 per cent, additional power.
The number 4,752,000 in this formula is merely derived from 33,000 (the

number of pounds raised 1 foot high per minute per horse-power) x 24 x 60.

To find the quantity of water an engine ofgiven horse-power will pump.

H = Horse-power of engine.

F = Depth of pit in fathoms.
G = Quantity of water in gallons per minute.

G — 55?
F
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The reason of 550 being used in this formula is that 33,000 lbs. raised a foot

high per minute equal 1 horse-power, and there being 10 lbs. of water to one
<5 yj OOO

gallon, and 6 feet in a fathom, we have 550.
10 x 6

The quantity of water in any pipe 3 feet long is its diameter squared and

divided by 10, the result being the number of gallons.

Andre, in his treatise on Coal Mining
,
gives the following rule to find the

thickness necessary for cast-iron pipes :

—

t = *000144 H D, where H represents the head of water in feet, and D the

diameter in inches.

Percy, in his Mechanical Engineering of Collieries
,
gives the following rule for

condensing water :

—

W = Weight of steam to be condensed.

T = Its temperature.

1 = Its latent heat.

W' = Weight of injection-water required,

t = Its temperature,

t' = Temperature of the mixture.

Then W' =_ (T + 1 — t') W
t' — t

the latent heat of steam varying from 966 at

atmospheric pressure to 939 at 15 lbs., and 920 at 30 lbs. above the atmosphere.
A few questions will now be given and worked out, in which some of the fore-

going formulae will be applied.

Question 68.—What is the H. P. of an engine capable of raising 560 gallons

per minute from a pit 1 50 fathoms deep ? Give the diameter of the working
barrel, and state what velocity the water should travel at.

The diameter of the working barrel must depend upon the length of stroke at

which the engine works, and upon the number of strokes per minute at which it

is driven. As per the question the quantity of water is large assume that

we adopt a Cornish single-acting beam-engine to raise the water, working with a

io-foot stroke, and being driven at 5 strokes a minute, at which it may comfort-

ably work, the pumps being single acting. Then
,\J

- ——- = 18*15

inches as the net diameter of pumps, but adding |th to the area to allow for

leakages, we have 1 8* 1

5

2 x *7854 = 258*72, the area, and 258*72 -f -
2^ -

4

323*4, and a working barrel whose area is 323*4 would have a diameter of

\f ~ 20 ’

2 9 >
or say> 20 inches as the diameter of the working barrel.

The velocity of the water in the pipes should not exceed 240 feet per minute,

and it will be better to limit it to 200 feet per minute. In the above arrangement
the flow of water in the pumps would be 50 feet per minute, which is much within

the required limits. To find the horse-power of the pumping-engine remember
that 1 H. P. is represented by the raising of 33,000 lbs. 1 foot high in a minute.

In this case, since there are 10 lbs. to the gallon, and 6 feet to the fathom, there

are to raise 560 x 10 = 5,600 lbs. through a vertical height of 150 x 6 = 900

feet in one minute, and therefore it would require -̂
QQ

-

x 9QQ or 5 ^ox I0X 1 5QX 6

33 >°°° 33>°°°= 152*7 H. P., but to this must be added 80 per cent., 20 per cent, to overcome

friction, and 60 per cent, for contingencies. Therefore, 152*7 +
I ^ 2 ?—x

100
= 275 nearly, which is the horse-power of the engine required.

x 2



308 DRAINAGE.

Question 69.—What size of pumping-engine would you erect underground to

raise 30,000 gallons of water per hour from a depth of 300 yards ?

Assuming that the piston and pump are double-acting, and that the piston will

work at 250 feet per minute, which is a safe speed, and have an effective steam-

pressure of 30 lbs. per square inch = 500 gallons per minute, and as

the pump works at 250 feet per minute, 50? = 2 gallons for each foot the pump
230

works. 2 x 277*274 = 554*548 cubic inches in each foot of the pump.

= 46*212 square inches area, allow say 12*788 square inches for the pump-rod

of about 4 inches diameter = 59 and a / - 59... = 8*667
;
say, to allow for leak-

V 7854
ages 10 inches as the diameter of pumps necessary. The pressure per square inch

of water on a 300-yard column will be 300 X 3 x *4333 = 390 lbs. and 46 x 390
= 17,940 lbs. total pressure on the pump. 17,940 -f- 30 lbs. the steam pres-

sure = 598 square inches, and adding \ for frictional allowances, 598 + 299

= 897 square inches area, and $97 = 33*8 inches diameter of the

cylinder required for the pumping-engine; the stroke might be made 6 feet,

and it would then work ,

2 '°- = 2o~ revolutions per minute. The stroke of the
6x2

pump should always be made as long as practical considerations will admit of.

Question 70.—What quantity of water could you raise and from what depth

with an Underground Pumping- Engine, having a 30-inch cylinder and
5-foot stroke, double acting, working a 12-inch pump also double acting,

the effective steam pressure on the piston being 30 lbs ?

Assume a piston speed of 250 feet per minute, or
2
^°- = 25 revolutions per

minute. Thepump-rod will be the same size as the piston-rod, and the piston-rod would

be about Jth the diameter of the piston,'or 3° = say 4 inches or 12^ square inches
8

area. Deduct this from the area of the pump, thus (12 2 x *7854)— \2\ — 100*5

as the effective area. The 30-inch cylinder has an area of 706*86, from which

deduct the third for frictional allowances = 706*86— 235*62 = 471*24 say 471
square inches area on which the steam pressure operates

;
471x30= 14,130

available effective power. The effective area of pump being 100*5,

I4,I 30 = 140*5 lbs. pressure which the pump can support and ? = 324 feet

100*5 *4333

height of column. And to find the quantity 100*5 X 12 = 1,206 cubic inches

in each foot
1,206

4*4 gallons per foot. 4*4 x 250= 1,100 gallons per minute.
2 77 ^ 74

1,100 x 60 = 66,000 gallons per hour, the quantity of water this engine would

raise to a height of 324 feet.

In working out these two examples the method given by Mr, Percy, in his

Mechanical Engineering of Collieries
,
has been adopted.

Question 71.—The feeders of water at a Colliery are lifted at the rate of 3,000
tons in 12 hours by an engine going 12 strokes per minute, length of

stroke 5 feet 6 inches. What diameter of pump will be required, and
what is the feeder per minute in gallons ?
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To find the feeder per minute, which is dealing with the last part of the question

first, 3,000 x 22 4 (the number of gallons in a ton) = 672,000 the number of

gallons lifted in 12 hours, therefore = 933*3 gallons per minute, which is

the feeder. Assuming the pumps to be single-acting and adopting Molesworth’s

rule as already given, D = 933*3 = 20*4
;
or the same result

•034 x 5-5 x 12

may be arrived at as follows, D = \J 933*3 x 277*274
ag ^efore

5*5 x 12 x 12 x *7854

(277*274 being the number of cubic inches in a gallon). This gives the net

diameter of the pump plunger, and it is usual to increase the area of the plunger

Jth to allow for leakage, &c. Therefore 20*42 x *7854=326*74 area of plunger and

32674 + 3—

7

4 __ 40g*4 which is the area the pumps should be and A/ —=
4 7^54

22*804 or say 23 inches, which is the diameter the plunger should be to pump
3,000 tons of water in 12 hours by an engine going 12 strokes per minute with a

66-inch stroke.

Question 72 .—Describe the general arrangements, diameter of cylinder,

length of stroke of pump, and pressure of steam by which 2,000 tons of

water may be raised from a depth of 200 fathoms in 24 hours.

2,000 x 22^ — gn gallons to be pumped per minute, but this would allow no
24 x 60

margin for the engine to rest through accident, and as the depth is great, entailing

many working parts, it would not be prudent to assume that the engine can go on
continuously, and the colliery may have no storage arrangements. Assume that

the engine work 16 hours out of the 24, then —^ x
= 467 gallons to be

pumped per minute. It would be better to choose an engine placed on the sur-

face to deal with this water, because it would be necessary to use large pumps of

18 or 19 inches diameter. If an engine were placed underground and one
column of pumps used, the thickness of metal in the bottom part of the column
would be excessive. For 19-inch pumps in a 200-fathom pit, it must be
*000144 x 200 x 6 x 19 = 3*283 inches, a thickness of metal for pumps never
adopted and not practicable, and even for a 1 2-inch set it would require to be
over 2 inches, a size not often exceeded for pumps.
The most approved engine to do the work would be Davey’s Compound

Differential Pumping Engine, but, assuming that a Cornish single-acting engine
with beam overhead be adopted and that it works with a io-foot stroke, it may be
driven comfortably and steadily at 5 strokes a minute. To find the size of pumps

then /, 467 x 2 7y2 74 _
v 10 X 12 X 5 X *7854

area for leakage, it means 18*57, or say 19 inches as the diameter of the working
barrel and plungers. In arranging the sets in the shaft divide them into 5 sets of 40
fathoms each, and’ for reasons already given, the bottom one should be a lifting

set, the others being all forcing sets.

To find the horse-power of the engine assuming that there is an effective steam

, . , r „ 467x10x200x6 , „
'

pressure on the piston of 3olbs.
33 000

= I ^9‘° 20rsay 1 7° horse-power,

but to which must be added 80 per cent., 20 per cent, to overcome friction and 60
170 x 80

per cent, more for contingencies 170 +—iqq = 306 as the horse-power of

= 1 6* 5 7 diameter, or allowing £th increase of
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the engine
;
and to find the diameter of the cylinder

306 x 33,000

10 x 5 x 30 (press, of steam)

= 6,732 the area of the piston in inches and ^21^ = 92*58 or say 93 inches as the

diameter of the piston, for the Cornish Beam Pumping-engine to do the required

work.

Question 73.—How many gallons are there

Describe the general arrangement and size

quantity daily from a pit 80 fathoms deep.

in 1,200 tons of water?

of pumps for lifting that

1,200 x 224 = 268,800 gallons. If the pumping-engine were placed on the

surface, the general arrangement would be to divide the 80 fathoms into two, and

have a lifting set of 40 fathoms at the bottom, and a forcing set at the top, or a

short lifting set of 10 or 15 fathoms might be fixed at the bottom, and the

remaining height of 70 or 65 fathoms divided into two even divisions for two

forcing sets above. The pumps would be single-acting, and to find their

2 68 800
diameter, = 186*6 gallons per minute to be pumped. Assuming the

24 x 60

engine to have a io-foot stroke and to work 5 strokes a minute \
i86_6

v *034 x 10 x 5

= 1 of, to which add Jth to the area, or say 12 inches as the diameter of pumps,
if the engine worked continuously.

Question 74.—Describe the class of engine best adapted for the above work,

size of cylinder, length of stroke and strokes per minute.

It would be better to use an underground pumping-engine,if there were no danger

of its being drowned. The Differential Engine might be applied, or a Worthington
steam pump, which would be double-acting as would the engine, and the engine

should be condensing. Taking a piston speed of 250 feet per minute, and an

effective steam-pressure of 3olbs, then—'^ = *75 of a gallon for each foot the

pump works. *75 x 277*274 = 208 cubic inches in each foot of the pump,
208 = 17*3 square inches area, say the pump-rod is 2 inches in diameter = 3
1

2

inches area, and deduct 3 from 17*3 = 14*3, and \
14 ‘3 = 4*27 inches

V 7854
diameter of pump, and to allow for leakage make them 6 inches. The pressure

per square inch of water on an 8o-fathom column will be 80 x 6 x *4333 = 208,

and 17*3 x 208 = 3,598 lbs. total pressure on the pump 3>598 = 120
30 (steam press.)

square inches, and adding \ for friction 120 + 60 = 180 square inches area, and

a/

-

i.-?-. = 15I as the diameter of the cylinder in inches, the stroke might be
V 7854

made 3 feet, and it would then work —5— = 4if revolutions per minute.
3x2

Question 75.—State the advantages in a deep shaft of having a series of lifts

instead of one long lift to the surface.

It is not practicable to have unduly long lifts of pumps
;
they are limited by

the strength of material required. If it was contemplated to put one long lift in

a deep pit, on an estimate being made of the thickness needed for the pipes and
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the size of the spears it would be found impracticable to adopt that plan. Great
wear would result to a bucket of one long lift, requiring constant changing and
repairing

;
broken spears, especially near the bottom of the lift, would be a source

of great annoyance and expense, and the arrangement would not give facility for

counterbalancing the engine.

Question 76.—A pumping-engine goes 14 strokes per minute for 13 hours a

day, working two 18-inch sets with a 49-inch stroke. What is the feeder

per minute ?

!9_= 45 gallons per stroke for each set, 90 gallons per stroke
2 77’ 2 74

for the two, and 90 x 14 = 1,260 gallons as the feeder pumped per minute; but

from the question it would appear that this quantity pumped per minute for

13 hours represents what is made in the pit during the 24 hours, and if so the

feeder in the pit would be ——-——— ^ = 683 gallons per minute.

Question 77.—Describe the pulsometer.

The following description of the pulsometer is taken partly from the Colliery

Guardian of Sept. 29th, 1876, and partly supplied by the Pulsometer Engineering
Co., Nine Elms Ironworks, London.

This pump may be said to raise water by the direct pressure of steam upon its

surface, and then to turn this same steam to account in forming the vacuum
necessary for effecting the suction for the next lift. This is accomplished
without the intervention of any piston or plunger. The invention is, in fact, but
a perfection of the principle of Thomas Savery in 1698, and by him carried out

so clumsily that the idea seems to have been abandoned until now; and
engineers have been content in the meantime to interpose between the power and
its work a complicated set of working parts, adding greatly to the first cost of the

pump, introducing a heavy item for repairs and maintenance, and diminishing
the duty on account of friction.

The pulsometer as now constructed, consists of a hollow casting, called the

body, composed of two pear-shaped water-chambers, with their necks joining

above, between which is the air-vessel, while the discharge chamber is a kind of

offshoot from the lower portion of the body. The steam admission-valve is

bolted on at the top, at the junction of the ends of the water-chambers
;
and the

suction pipe is similarly bolted on at the bottom. The construction will,

however, be better understood on reference to the drawing, Fig. 313, which
is a vertical section through the pulsometer. A A are the two water-chambers
surmounted by a separate casting containing the steam ball-valve I, fitted so as

to pass alternately between the seats formed in the junction, and connected at

top with the steam pipe K. The water-chambers terminate at bottom in a

suction-chamber, to which the suction pipe is bolted, while the suction valves

E E, with their seats, are arranged at an angle of 45 degrees between them.
Covers for closing the spaces are left in the casting for the insertion of the

valves, and also for the removal of any obstructions. The air-vessel for rendering

the flow constant, is situate between the necks of the water chambers, and is in

direct communication with the suction.

A discharge chamber common to the two water-chambers A A, and leading to

the discharge pipe D, is provided, and this contains one or two valves, according
to the purpose to be fulfilled by the pump, which are shown in dotted lines in the

figure. Small air-cocks are screwed into the cylinders and air-chamber, for use
as described hereafter.
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The pump being filled with water, either by pouring water through the plug

hole in the chamber, or by drawing the charge, according to the printed directions,

is ready for work. Steam being admitted by slightly opening the stop-valve which
allows it to enter the steam-pipe K, it passes down that side of the steam neck
which is left open to it by the position of the steam ball, and presses upon the small

surface of water in the chamber which is exposed to it, depressing it without any

agitation, and consequently, with but very slight condensation, and driving it

through the discharge opening and valve into the rising-main.

The moment that the level of the water is as low as the horizontal orifice which
leads to the discharge, the steam blows through with a certain amount of violence,

and being brought into intimate contact with the water in the pipes leading to the

discharge chamber, an instantaneous condensation takes

place, and a vacuum is in consequence so rapidly formed
in the just emptied chamber, that the steam ball is pulled

over into the seat opposite to that which it had occupied
during the emptying of the chamber, closing its upper
orifice and preventing the further admission of steam,

thus allowing the vacuum to be completed
;
water rushes

in immediately through the suction pipe, lifting the inlet

valve E, and rapidly filling the chamber A again. Matters

are nOw in exactly the same state in the second chamber
as they were at the commencement in the first chamber,
and the same results ensue. The change is so rapid

that, even without an air vessel on the delivery, but little

pause is visible in the flow of water, and the stream is,

under favourable circumstances, very nearly continuous.

The air-,cocks are introduced to prevent the too rapid

filling of the chambers on low lifts, and for other pur-
Fig.313.—ThePulsometer. poses, and a very little practice will enable any unskilled

workman or boy so to set them by the small nut that the

best results may be obtained. The action of the steam ball is certain, and no
matter how long the pump may have been standing, it will start as soon as dry

steam is admitted.

The smallness of the quantity of steam used in raising the water and effecting

the condensation, is proved by the very slight increase of temperature acquired

by the water raised.

It will be noticed that great simplicity of form and fewness of working parts

are attained in the pulsometer
;
there are, in fact, only 5 moving parts, the steam-

admission valve, the two suction or foot valves, and the two delivery valves.

These, again, are made as simple and efficient as possible. The steam-ball

valve, when once made spherical, wears itself and its seats true, as it turns in its

bed at every pulsation. The foot and delivery valves may be of the same
character, though larger, with suitable guards, but for heavy work the flap-valve

is found preferable. It consists of a cast-metal shoe, planed on its lower

surface, and having a bored recess into which is fitted a seat made of hard

wood boiled in oil, the end of the grain being the part exposed to wear. This

surface is turned true, and the wood is fastened in the shoe by a bevelled

brass ring secured with pins. The flap works in a bored bearing, and is kept

in its place by a guard cast on the cover of the chamber, or by a small

cover. Its play is regulated by a stop on the chamber cover, and noise is

prevented by the wood lining of the horn of the valve. In some instances the

flap valves are furnished with wooden faces. India-rubber is also used for some
purposes, either in the form of a flat disc or the hollow valve designed by
Perreaux.

In the majority of pumps, grid valves are employed as shown at Fig. 313.
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This is a type that has proved itself most convenient for general work, both on
account of its original simplicity and durability and also of the facility it offers

for repairs, it being but a matter of a few minutes for an unskilled labourer to

take off the nut and guard, and to put on a fresh rubber. These grids are of

brass as well as the spindle and nut, and are secured by bolts properly pitched

round the circumference.

The ball valves, used instead of the clack or grid valves, are not advisable in

pumps above the No. 3 or 4 size. They are made (1) all iron with iron seats
; (2)

gun-metal with phosphor bronze seats
; (3) rubber balls with iron cores and gun-

metal or iron seats.

As there are no cylinders, plungers, or complicated internal parts, but only

the steam valve, and the suction and delivery valves of large area, this pump is

very suitable for pumping water mixed with grit which would choke or wear out

other pumps. Again, as it requires no fixing, but may be hung on a rope or

- Fig. 314.—The Pulsometer Working in a Mine.

chain and may be raised or lowered by a pair of blocks, it is well fitted for

sinking pits. All that is required is to provide a boiler at a reasonable distance

and lead the steam through a flexible hose, or through a telescopic copper steam
pipe. The suction maybe either of jointed cast-iron pipes terminating in a

windbore, or. consist of a flexible tube
;
the delivery pipe may also be flexible or

have length after length added as the pulsometer goes down. The great feature

is that when once the pump is started and the air valves adjusted, it may be left

to itself, and will continue to work, as long as it is kept supplied with steam.

The pulsometer will pump water, and many other liquids and semi-liquids, to

a total height of from 70 to 80. feet, or under special circumstances to much
greater heights. The sizes (1) and, (2) are best adapted to a suction not exceed-
ing 6 to 10 feet

;
the sizes (3) and (4) to a suction not exceeding 8 to 12 feet;

sizes 5 and upwards to a suction not exceeding id to 15 feet. Each size is adapted
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to a vertical discharge of from 60 to 70 feet. These figures are given as a guide,

but may be modified by circumstances. The length of horizontal suction and
discharge is not very material if sufficient size of pipe be employed to obviate the

friction.

The steam pressure at the pump for lifts from 20 to 40 feet should not be less

than from 20 to 30 lbs. per square inch, and for lifts from 40 to 80 feet not less

than from 30 to 50 lbs.; for higher lifts greater steam pressure is necessary. For
low lifts the pulsometer can be worked with exhaust steam.
The Pulsometer may render most useful service in draining the underground

workings of water, of a very dirty or gritty nature, as shown in Fig. 314. For
this purpose it is mounted on a frame running on wheels to suit the gauge of road-

way. The steam-pipe is laid from the boilers to it, which may be at the surface.

The discharge pipe is taken to the pit sump, or if that be at too great a vertical

height, to an intermediate lodge-room or into the suction pipe of an upper pul-

someter from which it is afterwards pumped on. The absence of exhaust steam,

and the regularity of its working without constant attention, are strong recom-
mendations to its use.

In the simple pulsometer it is impossible to obtain an expansive action of the

steam, because the upper valve, whether a ball or other contrivance, must, from
its construction, be allowing steam to pass into one or other chamber during the

whole time the pump is at work. Where the work is constant, and there is a good
margin between the pressure of steam and the pressure of water in the column,
pulsometers (more particularly those above No. 4 size) may have the “ Grel

”

automatic cut-off arrangement, which is patented by the Pulsometer Engineering
Company. An economy of from 40 to 50 per cent, of the total steam consump-
tion is said to be effected by this arrangement, which depends on the employment
of a secondary cut-off valve, in addition to the distributing valve, so that a long

interval may intervene between each pulsation, during which no steam can pass

through the steam-pipe, although the work of pumping is going on continuously.

Question 78.—Suppose a sinking pit to be 200 yards deep and a barrel in the

form of a frustum of cone, whose inner dimensions are 4J feet deep,

42 inches diameter at bottom, and 51 inches diameter at top, making its

ascent and descent every 60 seconds, coming up full every time
;
what

quantity of water in imperial gallons and in tons will be drawn in 24 hours?

And, further, supposing another barrel, whose inner dimensions are

675 feet deep, 57 inches diameter at bottom and 45 inches diameter at

top, making the same descents in the same time, the pit being the same
depth as the one above described

;
what quantity of water would be drawn

in one week from the pit in imperial gallons and tons ?

Let D = diameter of water-barrel at top in feet.

„ d = ,, „ „ bottom, in feet.

„ h == height „ „ in feet.

,, c = capacity „ „ in cubic feet.

Then c = {
(D2+ d2

) + (D. d)} h x *2618 (1)

if we denote the capacity of the barrel in imperial gallons by “g” then

g = 6*24 X c. Hence is obtained

g = {(D2 + d2
) + (D. d) } h x 1-632 (2)

Again, to find the weight of water contained in the barrel, let “ w ” denote the

weight in cwts.
;
then

w = {(D2 + d2
) + (D. d) } h x *14571 (3)

Applying (2)

g = {
(4* 2 5

2 + 3
’

5
2
) + (4-25 x 3*5) } 4*5 x 1*632 = 331*85
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As the capacity of the barrel is 331*85 gallons there would be wound in

24 hours, 331*85 x 24 x 60 = 477,864 gallons, or expressed in tons

64 — 2,133-32 tons, which might have been found by formula (3). Ap-
22 4

plying (2) to the second example

S= {(375
2 + 4

*

75
2
) + (37 5 x 475)} 675 x 1*632 = 599

*68 gallons

as the capacity of the barrel : therefore, in a week of 6 days there would be hauled

599*68 x 24 x 60 x 6 = 5,181,235*2 gallons or expressed in tons — — =
224

23, I 3°*5 tons, or the same result may be got by applying formula (3).

Question 79.—The water in a pit is hauled up the shaft 350 yards deep in

two tanks each holding 350 gallons, one ascending, the other descending
;

what horse-power is the engine which delivers a tank of water every three

minutes at the surface not including the time of stoppage ?

The speed of the load is 350 feet per minute and its weight 350 x 10 =
3,500 lbs. /.

35° x
..
3’ 5gc) _ 27.12 effective horse-power according to the work

3 3,ooo
done, and assuming the engine yields 50 per cent, of effective work the horse-

power of the engine would be as 50 : 100 : :
37* i 2 : 74* 24 or 74*24 horse-power.

Question 80.—What are the special advantages and disadvantages of steam
pumping-engines placed underground ?

The principal advantages are,—a great saving of cost and maintenance, less

room is taken up in the shaft, simplicity in construction, and an equal flow of

water in the pipes. The disadvantages are, danger of flooding arising from a
breakdown of the engine and access to it thus prevented, and it is not suitable for

depths below 150 or 160 fathoms.

Question 81.—Upon what principle does the action of the lifting pump
depend, and which is the proper position for the bucket to be placed in ?

The action of the pump depends upon atmospheric pressure which is equal to

the weight of a perpendicular column of water 34 feet high. On the bucket being

drawn up in the working barrel its tendency is to form a vacuum beneath it.

But the atmospheric pressure causes the water to fill such vacuum and follow the

bucket for a distance not exceeding 34 feet. In practice the bucket must never

be raised more than 32 feet above the surface of the water, the usual distance

from the windbore to the bottom of the working barrel is from 9 to 1 2 feet, and
lifting or forcing pumps are arranged so that the suction shall not exceed 20 feet

in height. This allows a bucket having a 12-foot stroke (which is not often

exceeded) to be as effective at the top of its stroke as at the bottom when it is

close to the suction pipes.



CHAPTER X.

THE GASES MET WITH IN MINES : VENTILATION.

The Atmosphere—Specific Gravity—The Symbols of Gases—Atomic Weight—Oxygen-
Nitrogen—Carbonic Acid, or Carbonic Anhydride—Carbonic Oxide—Sulphuretted Hy-
drogen or Hydrogen Sulphide—Proto-carburetted Hydrogen—Blowers— Outbursts—Pres-

sure of Firedamp in the Solid Coal—Effect of Earthquakes in Liberating Gas—Afterdamp
—Explosions of Firedamp—The Diffusion of Gases—Natural Ventilation—The Furnace

—

The Waterfall—The Steam Jet—The Struve Ventilator—Nixon’s Ventilator—The Fabry
Ventilator—The Lemielle Ventilator—Cook’s Ventilator—Root’s Ventilator—Guibal Fan—
Waddle Fan—The Schiele Fan—The Capell Fan—The Medium Fan—Fan Arrangement
for a Winding Shaft—Two Separate Engines to Drive Fan—Duplicate Fan and Engine
—Ascensional Ventilation—Stoppings to Direct the Underground Air-currents—Advantages
of Air-splitting— Regulators— Doors, on Travelling Roads— Air-crossings—Brattice

—

Velocities of Air-currents in the Roads and Shafts—Relative Sizes of Downcast and
Upcast Shafts—Anemometer and Measuring the Volumes of Air—Thermometer—Baro-

meter—Effect of Diminished Atmospheric Pressure in Seams yielding Firedamp—Baro-

metric Rules—Water-gauge—Motive Column and Rule to ascertain it—Horse-power of

Ventilation—Useful Effect of Ventilating Fans—Theoretical Quantities of Air displaced

by Fans—Rules for Total Volumes of Air required at Collieries.

The atmosphere which surrounds our globe is a mixture of certain gases,

chiefly oxygen and nitrogen; these gases are not chemically combined, but are

merely a mechanical mixture,

nevertheless the atmosphere is

exceedingly uniform in consti-

tution.

A chemical combination

occurs when two substances

unite to form something dis-

tinctly new in character. This

is not the case with atmos-

pheric air, for, as will be

shown later, after the oxygen

has been eliminated from it by

means of phosphorus, the ni-

trogen left is not affected by

the operation.

The same two gases,' viz.,

oxygen and nitrogen, may be

made to combine chemically

,

and as a result the product is

totally different from either.

Fig. 3 1 5 shows this. The flask

B contains a small portion

of the white salt known as

nitrate of ammonia, which is a combination of nitrogen, oxygen, and hydrogen

in certain proportions. On applying heat the hydrogen and part of the oxygen

combine to form water which runs into the test-tube A. The remainder of the

oxygen combines with the nitrogen and passes off as gas to the pneumatic
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trough. This is nitrous oxide or laughing-gas, as it is commonly called. It is

largely used by dentists and in minor surgical operations as a safe and con-
venient anaesthetic. So that while a mechanical union of two elements supplies

the air we breathe, a chemical union of the same elements produces an intoxicat-

ing gas, which unless used with discretion is an actual poison.

The mixture forming air consists almost entirely of the two gases, oxygen and
nitrogen, in the proportion of about 4 volumes of nitrogen to 1 of oxygen,
the chief use of the nitrogen being to dilute the oxygen. The composition of

air is

—

Oxygen
By Volume. By Weight.

20-93 23-141

Nitrogen 79’°7 76-859

100*00 100*000

but it slightly varies in composition
;

still it is usual to consider the proportion

of oxygen as ^th and that of nitrogen as -fths of the volume of the air. Besides

these two gases, watery vapour and carbonic acid gas form part of the atmo-
sphere, the former being a very variable quantity, dependent upon temperature,

so that it is influenced by season, latitude, &c . ;
the latter is generally present in

the proportion of Towo °f the whole volume of the atmosphere. Very minute
quantities of ammonia and nitric acid are present in the atmosphere, as well as

traces of light carburetted hydrogen and the different volatile compounds which
are evolved at the earth’s surface, and in towns traces-of sulphuretted hydrogen
and sulphurous acid also.

A proof of the fact that air is not a chemical compound lies in the fact that if

4 volumes of nitrogen and 1 of oxygen be mixed, there will be as a result

5 volumes of air without any alteration in temperature. In all cases where
chemical combination takes place, there is as a result either an alteration in

volume or temperature, or both. It is the oxygen of the air that supports the

respiration of animals. The height of the atmosphere is about 45 miles, that

is, our globe is enclosed by a covering of air which is uniformly 45 miles thick.

Some authorities take it at 50 miles and some maintain that even that is not the

limit; the point is therefore not definitely defined and it is not a material one to

consider here. The density of the air diminishes as we recede from the earth,

the lower strata being compressed by those above them, so that they contain

within the same volume a much greater weight of air. The air is not warmed
by the passage of the sun’s rays through it, but when the rays reach the ground
they are absorbed and raise its temperature, and this heat is radiated into the

lower strata of air resting on the earth. The specific gravity of air, taken as 1 or

1,000, is employed as a standard of comparison for the specific gravities of

gases and vapours. It is 815 times lighter than water and 11,000 times lighter

than mercury. Its pressure at the level of the sea is equal in amount to 1473
pounds on each square inch, or to the weight of a column of mercury 30 inches

high, or one of water nearly 34 feet high. This pressure varies even at the same
levels and the barometer is used to measure these variations. A cubic inch of

mercury weighs *491 lb., from which we get 30 x *491 = 1473 lbs., the

atmospheric pressure.

There is no difference in the composition of the air in one part of the world as

compared with another, nor in that obtained from the greatest elevations reached
by balloons compared with the lowest valley.

Air is an elastic body. If it or any gas (as they have the same physical pro-

perties) be confined in a vessel, it exerts a pressure against the sides altogether

apart from its weight, and the pressure is exerted on the upper part of the vessel

as well as the lower. If the volume occupied by it be in any way diminished,
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that is, if the same quantity is made to occupy a smaller space, the pressure will

be increased, or if the space occupied remain the same, and the temperature be
raised, the pressure will also be increased.

Air is compressible. Boyle and Mariotte’s law of compression is:—The
temperature remaining the same, the volume of a given quantity of gas varies

inversely as the pressure which it bears. The law showing the relation between
the temperature and the volume of any gas was discovered by Charles and may
be stated as follows :—If any gas be allowed to expand freely under a constant

pressure, its increase of volume when raised from 3
2° F. to 212 0

F. will be equal
to 0*366 of its original volume, and this law of increase holds true in the same
proportion for intermediate temperatures. From this it follows that as the

difference between 212 and 32 is 180, then T-Joth of ’366 or about (strictly

or ‘00203) is the expansion for each degree, and this fraction is taken as

the co-efficient of expansion. In other words a gas expands of its volume at

3

2

0
,
or of its volume at o° for each degree that it is raised above that point.

Supposing such a question as the following be given :— A quantity of gas
is measured at a temperature of 70° and is found to occupy 400 cubic inches,

what is its volume at 6o° ? To find the proportion between the space a gas

occupies at 6o° and 70° of Fahrenheit’s thermometer, 492 cubic inches at 32
0

occupy 520 at 6o° and 530 at 70°. The volumes therefore for any other quantity

must be in this proportion, and therefore 400 cubic inches at 70° will occupy a

volume at 6o° in proportion as 530 is to 520. As 530 : 520 : : 400 : 392*4 cubic

inches
;
or say that 1 + of the volume at 6o° = 400 at 70°, and there-

460 + 60
fore 400 -f* 1 TV°o = 392*4. But this is assuming the pressure to be the same in

each case
;
if not, a correction must be made for it. For instance, if in the above

example the barometer stood at 30 inches when the 400 cubic inches of gas were
at a temperature of 70° but at 29 inches when at 6o°, the correction for the

difference in pressure would be made thus :—As 29 : 30 :
: 392*4 : 406 ;

or it may

be expressed thus, 400 x ^ ~ = 406. Or, expressing these rulesF *
29 x (70 + 460)

* v 0

as formulae
;

if v be the volume of any given weight of elastic fluid under any

pressure and at 3 2
0
F., the volume v x

which it will occupy under the same pressure

and at any other temperature / of F. will be v
x — v + v x *00203 (/ — 32).

This will be true if the ratio of the relative volumes be put u and u
x
instead of

the ratio of the absolute volumes v and v ,, thus :
— = 1

.

OQ20 3 3£l
u x 1 + *00203 (i

1
— 32)

Applying this to the question given,

u _ 1 + ’00203 (60 — 32) .

400
and u

= ‘98i 4,
1 + *00203 (7° — 3 2 ) 400

•9814 x 400 = 392*5.

The formula to find the relative volumes when both temperature and pressure

change at the same time is

:

u — 1 X —1 X
1 0Q20

3_-(.^_TL3_
2
) and applying this to the question in

P I + -00203(^-32)’ 6 1

its second form,

u = 400 x 3£ x 1 + -00203 (6° ~ 3 » .)

29 I + *00203(70 — 32)
u — 4i3'8 x *9814 = 406.

When the atmosphere is charged with moisture the mercury falls, because the

pressure on the exposed surface is reduced. At first, to the student who
remembers that water is about 815 times heavier than air, it will appear strange

that air saturated with moisture should weigh less than air in a dry stale.

Dry air is heavier than air impregnated with vapours, because of the extreme
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tenuity or thinness of watery vapour, the density of which is less than that of

atmospheric air, whereas the density of water is much more. The average
amount of water held in suspension in 1,000 cubic feet of air is reckoned at about
two-fifths of a pint. When there is as much watery vapour present as the air can
contain at the existing temperature, the air is said to be saturated. A thousand
cubic feet of air are capable of holding half-a-pint of water, and this may be
regarded as the point of saturation, which, however, necessarily varies with the

temperature of the air. If the temperature of air in this condition be raised a few
degrees, the air is not then saturated, because the quantity of moisture necessary

to produce a state of saturation is greater as the temperature of the air is

increased
; but if, on the other hand, the temperature slightly falls, clouds begin

to appear, and a still further decrease of temperature condenses this watery
vapour to water, and it falls as rain. The density of water is a very different

thing from the density of vapour of water, the former, as stated before, is 815
times the weight of air, but watery vapour is only about a half the weight of dry
air. Strictly, the proportion is as *6235 : 1 for watery vapour and air at the same
temperature and under the same pressure.

The temperature of the atmosphere is greatest at the surface of the earth, and
decreases i° Fahr. for every 340 feet in height. The temperature of the air on
the surface of the earth also varies with the height above sea level, and with local

circumstances.

In Atkinson’s Practical Treatise on the Gases met with in Mines will be found
the following rule to ascertain the weight of a cubic foot of air at any temperature

and under any pressure :— 1 3 2 53 I where I = the height in inches indicated

by the barometer, and t = the temperature by Fahrenheit’s thermometer. The
reason of the figures 1*3253 being used is because 459 cubic feet when the

barometer reads 30 inches, weigh 39*76 lbs., but at 1 inch it is only -Jgth of this,

or 39 76 _ 1*3253.
30

Wind is air in motion, and varies in direction and velocity. It has the same
pressure as the still air, but may exert considerably more force in one direction,

as a result of its velocity.

As the specific gravity, the symbols of gases, and atomic weight are frequently

referred to, it is necessary that the student should thoroughly understand what these

terms mean. The specific gravities of bodies are the relative weights of equal

volumes of them. In order to express the difference between the weights of

equal volumes, we fix upon one body and call its density 1 or 1,000. Bodies
which have a greater specific gravity have that indicated by some higher number
than 1 or 1,000; bodies which have a lower specific gravity by a number less than

1 or 1,000 according to their relative differences in weight. Water is taken as the

standard of specific gravity for liquid and solid bodies. Gases are so much
lighter than water that it would be inconvenient to make the latter the standard of

specific gravity for elastic fluids. Air accordingly is substituted for it, and the

specific gravity of air is called 1 or 1,000 as stated before. When the specific

gravity of a gas is given, the fact is expressed that a vessel when full of air at a

certain temperature and pressure, and containing 1,000 grains of air, will at

the same temperature and pressure, with the vessel filled as before, contain only

the number of grains of that gas stated as its specific gravity, and which may be
more or less than 1,000. To ascertain the actual weight of a cubic foot of gas
whose specific gravity is given, find what it would be at 32°and under pressure of

1473 lbs. by multiplying that specific gravity by *080728 lb., which is the weight
of a cubic foot of air under the same conditions of temperature and pressure as

stated by Atkinson in his Practical Treatise on the Gases met with in Mines.
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Then as to symbols. The chemist divides the substances of which the earth is

composed into elements, of which there are at least 63, but as some of these have
been discovered in recent years, there may still be other discoveries made. For
the sake of convenience and shortness in writing, symbols are used for these

elements. They consist of the first {or the first and most characteristic) letter of

the Latin name of the body, thus H O signifies water, or oxide of hydrogen, and
when the two symbols are placed side by side they signify a compound of one
atom of each ingredient, viz., of hydrogen and oxygen. In writing compounds the

symbols of the elements are placed side by side, and as more than one atom of the

element or elements may combine to form a compound, the number of atoms, when
more than one, is written beneath. Thus N 0 5 signifies a. compound where one

atom or equivalent of nitrogen unites

with 5 atoms or equivalents of oxygen
to form nitric acid, the 5 multiplying

only the O or oxygen. Fe
2 0 3 ,

red
oxide of iron, signifies a compound
of 2 atoms or equivalents of iron

(ferruin') to 3 of oxygen, each symbol
being affected only by the number
following it. When a number, on
the other hand, is placed before or
at the left hand of associated sym-
bols, it signifies all which follow it

as far as the first comma, + (plus)

sign, or full stop. To prevent con-
fusion, the numbers placed to the

left of symbols are generally made
as large as the alphabetical letters

they precede. Thus 2 H O is two
Fig. 316.—Illustrating Method of obtaining atoms of water;- 3 N O s is three

Oxygen. Gas.
equivalents of nitric acid; Fe a 0 3 ,

3 S O a
is persulphate of iron, a

compound of one atom of red oxide of iron, ‘ and three of sulphuric acid.

2 Na O f HO + P 0
5 ,

is two equivalents of soda, one of water, and one of

phosphoric acid.

Atomic weight, or, as it may be called, equivalent chemical weight, is the term

used to express the relation that subsists between the different proportions by

weight in which substances unite chemically with each other.

Oxygen when uncombined is a gas, and is the most widely diffused body in

nature
;

it forms -|fh part of atmospheric air by volume, and fths of water by

weight. Its symbol is O, and specific gravity 1,1057, so that it is about y^th

heavier than an equal volume of air. It is a tasteless, colourless, inodorous gas.

In the atmosphere it is fitted to sustain life by being diluted with nitrogen.

Oxygen gas may be produced as follows* :

—

Take an ordinary dish-tub, or large sized pan, to serve as a pneumatic trough.

Next fix a shelf in it a few inches above the bottom. Pour sufficient water into

the tub to just cover the shelf. Take some glass pickle-bottles filled with water

and invert over the shelf, taking care to keep the hand over the mouth of each

bottle until its neck is under water, so that the water in the bottle may be retained.

The Florence flask, C, Fig. 316, contains a composition for making the gas

* For this and the other illustrated experiments for producing gases, see Cassell’s Science for

Allt
vol. I. pp. 279—286.
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required, and consists of equal parts of chlorate of potash and oxide of man-
ganese. B is a glass tube, bent by means of a spirit flame, so that its lower end
may dip under the water contained in the pneumatic trough towards the orifice of

the inverted bottle, A. A gas-burner or spirit lamp is placed beneath the flask,

which is to be used as a retort, upon lighting which the gas rises in bubbles

and displaces the water contained in the bottle. The first few bubbles which pass

consist of the air contained in the flask, and must be allowed to escape, after

which the gas, which is pure oxygen, may be allowed to fill all bottles one after

the other.

The phenomenon called combustion is caused by the union of certain bodies

with the oxygen contained in the air : combustibles placed in undiluted oxygen,

such as that contained in the pickle-jars, will burn with unusual energy. A
match bearing the least trace of a spark will, when immersed in the gas, burst

into flame. A piece of iron wire which has been tipped with sulphur and
inflamed, will, when placed in the gas, burn away with remarkable brilliancy.

If an india-rubber bag or a bladder be filled with oxygen, and a common blow-

pipe be fitted to its neck, the gas may be forced out in a stream upon a rough

Fig. 317.—Experiment for Producing the Lime Light.

nail or any piece of iron held in the flame of the spirit lamp, and as a result the

metal will be rapidly consumed. If, instead of the iron, the gas be projected

upon a cylinder of chalk, the dazzling lime-light is produced. Fig. 317 shows
the arrangement for producing this light experimentally

;
but when required for

active service, a special jet is used, by which a mixed stream of hydrogen and
oxygen is urged upon the lime. The heat obtained by this means is so great that

platinum, the most refractory of the metals, is quickly reduced to a liquid

condition.

A mixture of two volumes of hydrogen with one volume of oxygen may be

made to combine to form water. But as they do so with explosive force, the

experiment must be carefully conducted.

The oxy-hydrogen blow-pipe is capable, by its intense heat, of liquefying and
volatilising all the metals, and even such substances as rock-crystal and clay.

The mixture of the two gases forms such an explosive compound, that a special

form of burner is used, so constructed that they are not allowed to mix until they

reach the place of ignition. Fig. 318 shows the principle of the jet usually

employed, B being the supply pipe for the hydrogen, and A for the oxygen. The
lower part of the figure shows the kind of furnace used for the reduction of

platinum. It consists of two fire-bricks hollowed out for the reception of the

metal, the orifice above being for the introduction of the blow-pipe flame.

Nitrogen forms fths of atmospheric air by volume. Its symbol is N, and its

specific gravity 971 *3, so that it is a little lighter than air. It is a colourless.

C.M.H. Y
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inodorous and tasteless gas. It will not support combustion, but is fatal if

breathed in a pure state.

Nitrogen gas can be best obtained by robbing a given amount of air of its

oxygen, when nitrogen will remain. Phosphorus has such an affinity for oxygen
that it will combine with it very readily, leaving the nitrogen of the atmosphere in

which it is burned untouched. A small piece of phosphorus, Fig. 319, carefully

dried upon blotting paper, is placed in a porcelain cup, and supported on a stand

in a dish of water. After igniting the phosphorus with a hot wire, the whole is

quickly covered with an inverted glass jar. A graduated paper scale may be
pasted on the jar, dividing it into five equal parts. When the phosphorus is

burning the water will rise in the jar, as nearly as can be judged, one-fifth, show-
ing that that amount of air—really its oxygen—has disappeared, leaving the

nitrogen for examination. If a lighted taper be now placed within the jar, it is

immediately extinguished. Although the gas does not support animal life, it is

not poisonous in the sense that some gases are, for we know that we are always

breathing it.

Blowers of nitrogen gas issued froim the rock in the Strinesdale tunnel during

its driving. The gas escaped from fissures in the roof, sides, and floor of the

tunnel, and candles at a distance of eighteen inches were extinguished. It

seriously affected the health of the workmen engaged in the tunnel, producing
feelings of sickness and dizziness. Occasionally, instead of the gas escaping

through the fissures, the current was reversed and the flame of a candle when
placed near an opening was drawn into it. The fissures were supposed to com-
municate with disused colliery workings in the neighbourhood. The blowers

lasted some months and escaped with gradually decreasing force.

Nitrogen is the active principle in all explosives, from gunpower to nitro-

glycerine.

Fig. 318.—Oxy-Hydrogen Burner and
Furnace for the Reduction of
Platinum, &c.

Fig. 319.—Experiment for
obtaining Nitrogen Gas.
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GASES MET WITH IN COAL MINES.

Carbonic Acid
,
or Carbonic Anhydride .—Its symbol is C0

2 ,
that is, it is

composed of one atom of carbon and two atoms of oxygen. Its specific gravity

is 1,524, therefore it is about half as heavy again as air, and for that reason, before

being mixed with the air, it rests on the floors of mines. It is called choke-damp
,

black-damp and stythe by the miners, and is colourless and invisible, having a

sharp odour and taste. It is composed of 7273 per cent, by weight of oxygen,

and 27*27 per cent, by weight of carbon. A cubic foot of air at 32
0

,
and under

pressure of 14*73 lbs. per square inch, weighing *080728 lb., and the specific gravity

of carbonic acid being 1,524, to find the weight of a cubic foot of the latter under

the same conditions of temperature and pressure, *080728 x = ‘12303 lb.

Being a direct product of combustion, when any substance containing carbon is

burned in the air, it cannot support combustion. On the contrary, it is uninflam-

mable, extinguishes combustion, and a common test as to its presence is given

by a candle going out if placed, when lighted, in air containing 10 per cent, of

carbonic acid gas. The flame is not extinguished because oxygen is excluded,

as is the case with nitrogen, but because carbonic acid exercises a prejudicial

effect on combustion. Air containing 3 or 4 cent, of carbonic acid gas is unfit

for respiration, and air containing only *35 per cent, of it is very unwholesome
when inhaled. Air containing 6 per cent, of carbonic acid gas is dangerous to

breathe, and in the proportion of 8 or 10 per cent, is fatal to life. During animal
respiration, carbonic acid is given off from the lungs

;
it is yielded naturally in

some mines, and is produced by the burning of candles and lamps and from
exploding gunpowder. Water dissolves more than its own volume of this gas,

and in consequence acquires a sparkling appearance, and a refreshing, slightly

stimulating, taste. In the manufacture of soda-water, and other effervescing

liquors, carbonic acid is dissolved in the water in order to give it this taste.

The amount of carbonic acid gas yielded in a mine from animal respiration or

as a product of combustion is easily dealt with by the ordinary means of ventila-

tion. In mines, where it is emitted from the strata, or liberated from water which
may have absorbed it in penetrating into the mine, to afterwards part with it on a

change of temperature or pressure, the removal of the gas is more difficult on
account of the large quantity to be carried away.

Some coal-seams are subject to “blowers” of carbonic acid gas, very much in

the same way as others are subject to “ blowers ” of fire-damp. It is not probable
that the same seam will supply blowers of both. It is supposed that the mode of

occurrence of the two gases in the coal is the same, and both will be frequently

found in the vicinity of faults. Where blowers of carbonic acid gas have been
tapped, an enormous quantity of gas under pressure has been given off, laying

the workings off for many days and extending very far into them. The issues of

this gas underground, whether under a certain pressure as in the case of a

“blower,” or pouring out of old workings without pressure, are silent. No
indication of its presence is conveyed therefore by the sense of sound to those

approaching any workings in which it is found. Instances are recorded

where the issue has been felt against the back of the hands very similar to cold

air being blown through the stem of a tobacco pipe, but always without the

singing noise which accompanies discharges of fire-damp.

Carbonic acid gas is most commonly found in dip workings, on the floors of

roadways, or at the foot of steeps in rising return air-ways, owing to its specific

gravity. Many lives have been lost where men have descended wells and shafts

without first taking the precaution of testing them for this gas. Sumps of pits,

wells, or dismantled pits, should be tested to see if this gas is present before a

y 2
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person descends. If present in dangerous quantities the flame of a lamp
lowered into it will be extinguished. It may be removed by quicklime in the

process of slaking, which absorbs the gas
;
or by letting water fall, which carries

air with it, so as to mix with the gas
;
or it may be drawn up, by lowering buckets

into it just as though it were water.

The method of producing carbonic acid gas is very simple. Through the

tightly-fitting cork of a wide-mouthed bottle insert a glass tube bent twice at right

angles, one limb of the tube being much longer than the other, see Fig. 320.

Into the bottle put some hydrochloric (muriatic) acid, diluted with a similar

quantity of water, and into the mixture drop a few pieces of chalk or limestone.

A brisk effervescence will ensue, caused by the escape of the carbonic acid in

bubbles from the chalk. The long end of the tube is inserted into another bottle,

which soon becomes filled with the gas. To ascertain if the bottle is filled, put

Fig. 321 .—Ball resting on
Carbonic Acid Gas.

into it a lighted match or taper, which will be extinguished as soon as it reaches

the surface of the gas. As showing the extreme heaviness of carbonic acid gas,

half-fill an open basin (Fig. 321) with it and place a child’s india-rubber ball or

a soap bubble on the surface. To the uninitiated the ball seems to be sus-

pended in mid-air.

Carbonic Oxide .—Its symbol is CO
;
one atom of carbon and one of oxygen.

Its specific gravity is 975, being rather lighter than air. Out of every 100 parts by
weight there are 567 of oxygen and 437 of carbon. By the miners it is called

white-damp. It is colourless, tasteless, and poisonous; it has a slight and peculiar

odour. It does not in the ordinary sense support combustion, yet, singular as it

may seem, candles and lamps will bum in a mixture of it with air, which at once
destroys life. It is more poisonous than carbonic acid gas

;
air containing 1 per

cent, is at once fatal to warm-blooded animals breathing it. The effects of a

trace of it in the air, if breathed, are a sensation of giddiness, sickness, debility,

and fainting fits. Its most striking property is that it is itself combustible,

burning with a beautiful blue flame, combining with the oxygen of the air, and
forming carbonic anhydride (CO

a ).

Carbonic oxide is a narcotic poison, and, like carbonic anhydride, enters the

blood through the lungs. Its presence in the blood can be detected after death.

If a considerable quantity of carbonic anhydride be contained in the air, to which
only \ per cent, of carbonic oxide be added, the mixture if breathed is fatal to

human life.

The report of the French Fire-damp Commission gives the temperature of

ignition of this gas at 1,202° Fahr. It is found in mines as a result of exploding
gunpowder, because it is a product of the explosion, and from the combustion of

coal or wood under certain conditions, particularly where there is a restriction of

air. In mines where the ventilation is good, and constantly maintained so, this
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gas is not met with. In mines insufficiently ventilated, and where gunpowder is

freely used for blasting, the circumstances are favourable to the presence of

carbonic oxide gas. The fumes then given off by blasting have a most dis-

agreeable odour, greatly irritating the organs of respiration, and sometimes
proving fatal to those who inhale them.
The Commissioners appointed to inquire into Accidents in Mines, state in

their report that the presence of this dangerous gas in after-damp has never
been clearly proved, but its existence is possible in that resulting from an
explosion consequent on an outburst of gas. When a coal-seam, or the gob, is

on fire, the gas is produced in large quantities owing to the imperfect com-
bustion, through efforts made to exclude the air from the fire.

Carbonic oxide contains an atom less of oxygen than carbonic anhydride. If

the latter be passed through a red-hot iron tube, it is converted into carbonic oxide,

as it is deprived of half its oxygen by the iron during its passage.

To produce the gas for experimental purposes place the deadly poison oxalic

acid in the shape of small white crystals, together with strong oil of vitriol, in a

Florence flask. From the tightly fitting cork of the flask a tube leads upwards
and is bent over like the letter U inverted, its lower end being passed through a

tightly fitting cork in a double-necked bottle containing lime-water or caustic

potass, the tube reaching to within a short distance of the bottom of the bottle.

From the other neck of the bottle a bent tube is placed, communicating with the

interior of the bottle at its upper extremity and a trough containing water. The
gas-jar for collection is placed in an inverted position in the trough, and the tube

from the bottle leads to it. On lighting the spirit lamp under the flask the tem-
perature of the oil of vitriol is raised until it attains a point sufficient for the

purpose, when carbonic oxide and carbonic anhydride gases are evolved with great

rapidity and pass from the flask into the bottle. Here the solution of potash or

lime-water absorbs the carbonic anhydride, whilst leaving the carbonic oxide free

to pass to the upper extremity of the bottle and so to the trough where the gas-jar

is filled with it.

Sulphuretted Hydrogen or Hydrogen Sulphide .—Its symbol is H
2
S, two

atoms of hydrogen and one atom of sulphur. Its specific gravity is 1,171,
and it is therefore rather heavier than air. It is this gas which imparts to

rotten eggs their offensive smell, and it may be recognised by its odour. It

is colourless and very poisonous, and even when largely diluted with air acts as

a powerful narcotic. It does not support combustion or respiration, but is itself

combustible and burns with a blue flame. Water dissolves from two-and-a-half

to three times its volume of the gas and acquires its offensive odour and taste.

Consequently, it may be carried into mines in a state of solution by water and
afterwards liberated. The water which drains through decomposing pyrites, has
a muddy, iron colour, and exercises an injurious effect on iron rails, pumps, &c.,

and upon articles made of leather, such as boots, &c. H
2
S is found in mines as

a result of the decomposition of pyrites, or of some animal substance containing

sulphur, and also as a result of exploding gunpowder.
The chemical name for pyrites, or iron pyrites, is sulphuret of iron. Pyrites

is found in irregularly shaped lumps or nodules, and often in continuous layers,

or “partings’’ in coal seams, when, owing to its yellow, metallic appearance, it

is called “ brass ” or “brasses.”

The exact proportion of sulphuretted hydrogen fatal to life is not known, but it

produces fainting fits when present in very small proportions
;
different authorities

give from \ to 4 per cent. Air containing its bulk immediately killed a

bird, and a middle-sized dog. Lights continue to burn in it, however, and
its presence can only be detected by its odour. It is rarely met with in mines,
except as part of a mixture containing several gases.
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The sulphuret may be prepared by heating sulphur and iron filings together in a

crucible, or by placing a stick of roll sulphur against a bar of malleable iron at

a white heat. The result in both cases is to form a compound of one equivalent

of sulphur and one of iron (FeS), which on being dissolved in diluted sulphuric

acid yields sulphuretted hydrogen.

Proto- Carburetted Hydrogen
,
or light carburetted hydrogen, is the “fire-

damp ” or inflammable gas met with in mines. Its symbol is CH4 ,
one atom

of carbon and four atoms of hydrogen. Its specific gravity is 562; it is there-

fore rather more than half as heavy as air. Owing to its lightness, its tendency is

to rest against the roofs of mines, and in cavities, unless it is displaced by air

currents acting upon it. By a property all gases have, called diffusion ,
it gets

mixed with the air. It is a colourless, inodorous gas, scarcely soluble in water,

and does not support combustion or respiration. It is not a poisonous gas, but

if breathed in a pure state it causes death, because it does not support respiration.

If mixed with twice its own volume of air it may be breathed for some time

without much injury resulting. It issues as a product of decomposition from the

seams of coal, and when it mingles with the air in certain proportions it forms an
explosive mixture. Any flame applied to the mixture causes explosion, and many
sad and destructive accidents of this description are brought under our notice.

Sometimes olefiant, or heavy carburetted hydrogen (C 2H4), becomes mingled
with the fire-damp in the atmosphere of a coal-mine, and this compound
may be fired with a red-hot iron or wire. Under other circumstances, fire-damp

can only be exploded by coming into contact with flame, or with a wire or

other substance at a higher temperature than a red heat, such as that in an
incandescent electric lamp, and it must then be mixed with certain proportions

of air, as it cannot be exploded in a pure state. The force of such explosion will

be dependent upon the proportion of fire-damp to the air and the presence or

absence of carbonic acid in the mixture. Carbonic acid, we have already seen,

does not support combustion, but it cannot influence an explosion of fire-damp

much, because a large quantity could not be present in an atmosphere fit to

breathe. The effect of putting a lighted candle or lamp into pure proto-car-

buretted hydrogen gas would be to extinguish it.

When CH4 forms 1 part in 30 of an air-and-gas mixture, its presence may be

detected by the “ cap” formed on the flame of a safety lamp. When it forms 1

part out of 13 of the mixture, it may be ignited by a flame, and the whole of the

mixture will be converted into a mass of flame, but its force will be feeble. The
explosive force, however, increases as the ratio of the gas to air increases from 1 to

13 to 1 to 8 or 9, at which point it attains its greatest force
;
but explosions will occur

with a diminishing force as the ratio of the gas to air passes from 1 to 8 or 9 to

1 to 5, after which the mixture, instead of exploding, extinguishes the flames

of lamps.

The French Fire-damp Commission gives the temperature of ignition of this

gas as 1,436° Fahr., but the report of the Prussian Commission gives a much
higher temperature of ignition, as silver and copper wires were fused without

igniting it.

Some seams of coal give off much more fire-damp than others, and many give

off none at all, consequently, at some collieries it is never found, at others, only

in small quantities, whilst in many, such large quantities are yielded as to cause

considerable anxiety to all engaged in the mine.

The origin of the existence of gas in coal is a matter of uncertainty. The coal

being formed from vegetable matter, it is quite possible that during the process

of decomposition, new strata accumulated to such an extent as to cause con-

siderable pressure. Where these newly deposited strata were of a porous nature,

the gases given off during decomposition would escape through the strata to the
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surface, but where the cover over the buried vegetable matter was impermeable,

the gases were retained at increased pressure as decomposition proceeded
and the coal-seam fully matured. Most probably the gas is contained in coal-

seams as water is in a porous rock, and remains there in a more or less com-
pressed condition so long as the enclosing walls are gas-tight and able to with-

stand the pressures from within. Probably the coal is still in a state of chemical

change or decomposition, which may be proceeding very slowly, and thus gases

are continually evolved and accumulated within the pores of some coals. If the

roof over the coal be of an impermeable rock, and the thill be composed of porous

sandstone, the latter will be found to contain gas, or if the cover immediately
over the coal be porous, it becomes a gaseous zone. If the shafts are shallow,

and there are no impermeable rocks between the surface and the coal-seam to

retain the gas, it will be drained off to the surface. A seam of coal may in some
parts of its course have but little cover over it and be quite free of gas at those

points, whilst at others, owing to thicker stratification above, or the setting in of an
impermeable rock which retains the gas, it may contain large volumes under great

pressure. Again, two coal-seams may be separated by impermeable strata, but

on working the upper seam the intervening strata, robbed of so much support,

become unable to resist the pressure cf gas in the lower seam, and, consequently,

the floor of the seam being worked is raised and fractured. The fissures formed
enable large quantities of gas to pass from the seam below into the workings.

The amount of gas contained in any seam does not depend on its depth from the

surface, although it seems to be present more abundantly in mines of moderate
depth. Seams of lignite coal are usually free from it, and it is only in true coal-

seams that large quantities are found.

The gas, for the most part, disengages itself from the pores of freshly-wrought

coal, or from the joints of recently exposed coal surfaces; in most seams the

issue occurs in the first few hours, and ceases after a few days. The largest

volume is usually found at the working faces, where it issues in innumerable jets,

as the workmen constantly extract coal and so lay bare fresh coal surfaces. In

damp or wet seams, the discharge of gas from the coal is accompanied by a

hissing sound, and in these the discharge, instead of ceasing in a few days,

continues for months or even years.

In mines where the largest volume of fire-damp is not found at the working
faces, but at a point back behind them, it will generally be found that the gas has

drained to the point of discovery, through the strata, from a lower seam of coal

in course of working, whose line of advancing face lies outside that in which the

gas is, or it may come from a lower unworked seam, or from an exceptional

outburst.

Exceptional outbursts are either blowers or outbursts. Blowers are continuous

discharges of firedamp for long periods of time, without apparent decrease, through
well defined cracks or fissures in the roof or the floor of roadways. Sometimes
the discharge of gas is accompanied by large quantities of water. When the

gas can be detected at the point of issue by a safety-lamp it is sufficient to

constitute a blower. The fracture through which the gas is discharged—whether
a simple fissure or a fault—pre-existed, and on the driving reaching it the gas is

tapped. The open fissures in the coal seam communicate with some reservoir

filled with large quantities of gas in a high state of tension. Where the fractures

do not allow sufficient gas to escape, or where the pressure of the gas is so great

as to cause it to find vent before the fissures are reached by the drivings, or where
reservoirs of gas exist without fractures, falls of the roof or upheavals of the floor

occur, followed by the release of enormous quantities of gas into the roadways.
As showing the power of these blowers, it may be stated that at Outwood, in West
Lancashire, at a depth of 328 yards, a blower of great magnitude was encountered
in a stone drift, causing operations to be suspended. The gas was dammed off,
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and taken to the surface by means of pipes 2 inches in diameter, where it burned
with a flame 3 feet 6 inches high for a year.

At Merthyr Vale, in South Wales, so large a quantity of gas was met with on
crossing a fault into a new area of coal, about a mile from the shaft, that it was
deemed prudent to convey the gas separately to the surface, where it was utilised

for several months in raising steam by being burned at the boilers. The pipes,

which were 6 inches in diameter, were laid from the inside of a strong dam near
the fault, through the return airway to the upcast, and thence to the surface.

Outbursts of inflammable gas are distinguished from blowers by the sudden-
ness of their appearance, and their comparatively quick exhaustion. An outburst

may occur at the working face, or from the roof or the floor. Those from the

floor present the most marked features, and it is in the Barnsley and Silkstone

seams of Yorkshire that they occur with the greatest intensity and frequency.

These outbursts have been commented upon in the Chapter devoted to “Methods
of Working,” where the working of the Barnsley seam is described. As the

workings approach the reservoirs of gas under the seam the floor is upheaved,
and fractured in a line approximately parallel to the advancing face. This is the

result of the pressure from the imprisoned gas, which finds its way first into the

working faces through the fracture, and from there into other parts of the mine.
In 1876 an outburst occurred at the New Oaks pit in the rise long-wall workings
of the Barnsley seam, ventilated by a current of 10,000 cubic feet per minute.
The returns became so loaded, that Mueseler lamps at the bottom of the upcast
were extinguished in a current of 140,000 cubic feet per minute.

Outbursts from the roof result from large quantities of gas following the

falling of the roof, or from the escape of gas from fissures in the roof without a

fall.

At an outburst at Pelton, in the county of Durham, 47,000 cubic feet of gas

issued from the coal at a pressure of 912 pounds to the square inch.

Instances are recorded where the pressure of the gas has been sufficient to force

out the coal in large masses of many tons’ weight at the working faces, after which
it escaped suddenly through the opening thus formed in such volumes as to con-

stitute an outburst. The enormous volume given off has been powerful enough
to foul a considerable area of workings and so prevent access to them for many
days, notwithstanding the fact that a large current of air has been sent continuously

into the district. In an occurrence of this sort, after a time the pressure of the

gas decreases and the fresh air-current sweeps the roadways to a point nearer and
nearer the face, and as the pressure subsides, to the face itself.

Occasionally rows of props which were originally fixed securely for the pro-

tection of a roadway, have been observed to sink at the foot until they become
loose and eventually fall out. This is accounted for by the tapping of gas into

the working seam from a stratum below, which previously served to support the floor

in which the props were set. The gas pressure being removed, the coal and under-

lying strata have sunk, and the props collapsed.

The shots fired in sinking pits have been often known to liberate firedamp from
fiery seams on the sinking approaching the coal. In cases where the gas has

caught fire, the flame has reached up the shaft to a considerable height, requiring

much trouble to extinguish it.

In 1879 experiments were made by Mr. Lindsay Wood, for the Royal

Commission on Accidents in Mines, in the various seams at Elemore, Hetton,

Eppleton, Boldon, and Harton Collieries, with a view to ascertain the pressure of

fire-damp in the solid coal, and also the quantity yielded in a given time from a

certain face area where the coal was newly wrought.
Many experiments were made by boring holes of different lengths, either

horizontally or slanting slightly upwards, but always at freshly worked faces, the

holes being rapidly bored, a pipe smaller than the hole drilled being subsequently
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inserted, of sufficient length to reach nearly to the end of the bore-hole. The
longest bore-hole was 47 feet, and the shortest 3! feet. The space between the

pipe and the bore-hole was equally stemmed from a point near the inside end of

the pipe, which there carried a protecting flange the full size of the bore-hole back
to the working face. The flange prevented the stemming from being pushed too

far, and ensured its equal distribution round the pipe. At its outer end the pipe

was provided with a tap and pressure-gauge, whilst its inner end was open to the

gas space reaching from its extremity to the end of the bore-hole. The highest

recorded pressure was obtained at the Boldon Colliery, where about the third day
after attachment the pressure-gauge indicated 461 lbs. per square inch. The
greatest observed amount of gas given off from the holes was 5*927 cubic feet

per hour per square foot of surface, and this occurred in an experiment at the

Eppleton Colliery. Pressures varying from 200 lbs. to 461 lbs. per square inch

were repeatedly observed; the depths of the places also varying from 750 feet to

1,268 feet below the surface.

Besides the exceptional outbursts just described, discharges of fire-damp from
old into existing workings may occur. Old workings or goaves frequently receive

discharges of gas, and become, as it were, magazines in which the dangerous
element is stored. The gas in the old workings may come from the normal
discharge of the seam being worked, or it may come from adjacent seams.
A large number of shots fired in the coal simultaneously at the working face

may result in liberating an undesirable quantity, and therefore only a small
number are fired at once in fiery mines, and that only by competent persons.

Under the ordinary conditions of a well-regulated mine, no inconvenience,
perhaps, arises from the presence of this gas

;
but it becomes an acknowledged

source of danger when, as frequently happens, it finds its way, owing to the

sudden decrease of atmospheric pressure, or falls of the roof on a large scale,

into the working roadways closely adjoining the edges of the goaf or old

workings.

Attempts have been made to capture fire-damp at the moment of its disengage-
ment from the freshly-wrought coal. The method consists in laying a series of

pipes into the face of all the working places, connected with a main pipe leading
to a powerful exhausting machine upon the surface. Similar attempts have been
made to withdraw the fire-damp from goaves, but the method is not capable of

very practical application.

Earthquakes, accompanied by earth motions, sometimes produce abundant
escapes of gas at the surface, and it is possible that the position of reservoirs of

gas may be also affected by fissures accompanying such motions. An earthquake
may change the position of a gas reservoir in the earth’s crust, or form others in

fissures left by it which did not previously exist. Investigation is now being made
as to whether abnormal issues of fire-damp are caused by seismic movements.

In approaching faults in fiery seams and after crossing them, the gas is frequently

discharged freely. It sometimes rushes from the neighbourhood of faults, and
rises through a column of water many yards high.

Mixtures of fire-damp and air may become altogether inexplosive if sufficient

carbonic acid gas or free nitrogen be allowed to mix with them. Even small

quantities of these gases when present in the mixture, lessen the explosive force on
ignition. After-damp

,
resulting from an explosion of fire-damp and air, consists

of 71*2 per cent, of free nitrogen, 9*6 per cent, of carbonic acid gas, and 19*2 per

cent, of steam, or in round numbers out of 10 parts, after-damp contains 7 of

nitrogen, 1 of carbonic acid gas, and 2 of steam. Directly after the explosion
the steam condenses, and there is then left out of 8J parts, about 7! of nitrogen
and 1 of carbonic acid gas. Breathing after-damp soon causes death, and many
who escape the force of a fire-damp explosion in mines fall victims to the deadly
after-damp.
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If an explosion occurs in which the fire-damp forms more than i in 8 or 9 of

air, its force is less than that of the most destructive proportions of fire-damp and air,

as a certain amount of the gas remains as such, which, if consumed, would have
increased the temperature and force of the explosion. Its presence after the)

explosion renders the after-damp more deadly. Again, if an explosion occurs in

which the fire-damp forms less than 1 in 8 or 9 of air, its force must be less than
J

that of the most destructive proportions of fire-damp and air, but in this case the
|

after-damp will be rather less deadly than that resulting from the most violently
|

explosive mixture, as a part of the oxygen in the air remains unchanged. What-
{

ever the proportion of fire-damp to air, the after-damp left from its explosion is

unfit to breathe.

When ignited, the flame temperature of fire-damp and air is extremely high,

and where there is a large volume of the explosive mixture present, the tempera-
ture of the portion being consumed increases the volume of the rest. From the

centre or seat of explosion a great pressure is caused by the flames and heated

gases, which proceed in every direction, driving the air away with great force

;

this pressure is exhausted at a distance near to, or far from the seat of the

explosion according to its violence. As it progresses the condensation of steam
in the after-damp reduces its volume and pressure until it descends sufficiently

to cause a backward movement, and a partial retreat of the ignited mass towards

the seat of the explosion ensues.

The ravages committed by these destructive blasts are familiar enough to explorers

after explosions. As the conflagrations march on along the roadways, they for

the most part take a course opposite to that of the intake air, with occasional
“ kick-backs/’ or slight splits at the junctions of roads, and as the flames are fed

by the fresh air, the blast, if supplied by sufficient fire-damp, or fire-damp and
coal-dust, it may be reaches the bottom of the downcast shaft, and exhausts

itself in the shaft, disarranging or perhaps blowing out nearly all the shaft fittings

with so much violence and noise as to cause the utmost terror to those employed
on the pit top. In its destructive progress everything presenting an impediment,

unless strong enough to resist the blast, is hurled to one side or overthrown
;
doors,

air-crossings, trams, horses, men, the timbers for securing the roadways, &c.,

usually offer no obstacle to the fury of the explosion. The road timbers being

knocked down the roof falls in, and the ventilation is arrested. In other

parts of the roadways the timbers are considerably charred and deflected from
an upright position, their altered state and appearance pointing almost as

certainly as a finger-post in the direction of the blast. Too often the evidence of

such mute objects is all that is to be obtained, for those who escape the violence

of the explosion are poisoned by the after-damp, and not one is spared to throw

light on the calamity.

Wet roadways naturally check the progress of an explosion of fire-damp, and
it is in dry and dusty mines that the worst occur. The violence of the blast in

these is arrested through any portions of the roads which are wet, however the

dampness is caused.

Coal-gas is obtained from the distillation of coal, and is nearly allied to fire-

damp, although the gases are quite distinct. The preparation of coal gas may be

effected on a small scale by means of a common “ long clay” tobacco-pipe.

Fill the bowl with coarsely powdered coal and seal it up with a cover of moist

clay. When the clay has sufficiently dried, the bowl must be exposed to a red

heat in an ordinary fire-grate. The gas with a quantity of smoke will soon be

generated and can be lighted at the mouthpiece of the pipe. What is left

in the now red-hot bowl of the pipe, is a lump of nearly pure carbon in the form of

coke.

If a mixture of ordinary coal-gas and air be fired in a closed vessel at atmos-

pheric pressure, it produces a maximum pressure of too lbs. per square inch and
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a flame temperature of 3,600° F., or higher than that of cast-iron running from a

blast furnace. Possibly in pit explosions a somewhat similar temperature is

attained.

The Diffusion of Gases .—This property is the influence of a force powerful

enough to resist the influence of gravitation, and causes a blending or mixing of

gases through each other, notwithstanding their different specific gravities. When
light and heavy gases are exchanging places, a larger volume of the light gas

passes in one direction than of the heavy gas in the other. When these gases

have become thus mixed they will remain so. It is this diffusive force which
maintains the atmosphere uniform in constitution. The property of diffusion is

only thoroughly carried out where the gases are still. It has little influence for

good on the ventilation of mines, and is entirely inadequate as a means of render-

ing harmless the noxious gases there met with. On the contrary, it is a means of

forming inflammable mixtures of gas and air in all quiet nooks and cavities into

which fire-damp finds its way.

THE VENTILATION OF MINES.

From what has been said of the gases in mines it will be readily seen how
necessary it is to provide a current of fresh air to take the place of that which
has been rendered impure. A supply must be produced and distributed through
the workings. Without provision being made, a certain amount of natural

ventilation takes place in mines.

The reason of this is, that the same law which causes a rise or fall of the

atmospheric currents over the face of the earth operates also below its surface.

The temperature of the rocks for the first 50 feet or thereabouts is influenced to a

slight extent by the changes of temperature on the surface, but below that depth
it is the same all the year round. Beginning with 50° F., at a depth from the

surface of 50 feet, this temperature increases i° F. for about every additional 60
feet of depth. The temperature of the rocks in the workings of a shaft 700 feet

deep would be then about 6i° F., a higher temperature than that of the air

on the surface in winter, but a lower temperature than that of the air on the surface

in summer, so that the air in workings of moderate depth will be warmer in winter

and cooler in summer than the air at the surface. The colder column of air will

press upon and displace the warmer. Suppose (Figs. 322 and 323) two shafts at

some distance from each other, having a different surface level and connected at

the bottoms of the shafts by a gallery.

In the winter, when the air on the surface is colder than that of the gallery, the

column of air in D E is cooler and heavier than the column of equal height A B
;

consequently the cold air displaces the warm, and so produces a current in the

direction shown by the arrows in Fig. 322. This result, as regards direction of

current, would not be effected by the size of the shafts or of the gallery connect-
ing them. In the summer, when the air on the surface is warmer than that of the

gallery,the column A B is cooler and heavier than the column of equal height, D E,
and the direction of the air current would be reversed as seen at Fig. 323. But at

certain seasons between these two extremes the two columns would balance each
other and the current of air cease to circulate. The more nearly the two shafts

approached the same surface level the more feeble would be the current in summer
and winter and the more liability there would be for it to cease at other times.

In by far the largest number of mines natural ventilation is totally inadequate, and
even under the most favourable circumstances it cannot be relied upon. There-
fore artificial means are necessary to promote ventilation in a certain definite direction,

so as to ensure sufficient currents of air circulating from the downcast through the

workings to the upcast shaft.
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In the early history of mining the furnace was resorted to for ventilation, and
is still used in many mines, the furnace being placed at the bottom of the
upcast shaft. The fire heats the air and by expansion renders the column of air
lighter, and in consequence of this the colder and heavier air passes down the
downcast to displace it. The furnace may be placed in the return airway if the
shaft is only used for ventilation and no explosive gas is given off in the mine. If

the position chosen for it be in rock, a single archway may be built over the furnace
with fire-brick, but if it has to be placed where coal or shale forms the sides or
roof, it will be necessary to remove some of it on each side, so that side arches
may be built to protect the sides and roof from fire, and provide a passage for the
circulation of air.

If it is necessary to use the return airway for purposes other than ventilation,
some other place must be selected for the furnace and a connection made with the
return airway. The furnace is usually from 5 to 10 feet wide and the fire-bars 6

Fig. 322.

Natural Ventilation.

Fig. 323.

feet long, the space above being from 3 to 5 feet to the arch and below about

4 feet. A good plan is to let the breadth equal the diameter of the upcast shaft

and to let the sectional area of the furnace drift be not less than the sectional area

of the upcast shaft. The length of a furnace should not exceed 8 or 9 feet, and
its breadth should not exceed ic or 12 feet, because of the difficulty to feed and
attend to the fire, and it is much better to have two furnaces than one large one.

Figs. 324, 325, and 326 show in plan and section a double furnace with side arches.

All the work in contact with the flames of the furnace must be of fire-brick.

The arches over the furnaces may be built with a thickness of fire-brick next the

furnaces and have a blank space of a few inches interposed between the fire-brick and
the ordinary brickwork beyond. The fire-bricks should be cemented together by
ground fire-clay so as to effectually stand the heat from the furnace.

A well-constructed furnace will yield about 6,000 cubic feet per minute for each

foot in breadth of fire-bars.

With a double furnace each grate of which is 8 feet wide, there would be there-
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Fig. 324.

Fig. 325.

CROSS SECTION

Fig. 326.

Double Ventilating Furnace.
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fore about 16 x 6,000 = 96,000 cubic feet per minute passing over it. But the

tvork yielded by a furnace is affected considerably by the depth from the surface

at which it is placed. In all cases the quantity of air will be as the square root

of the difference between the temperatures of the downcast and upcast shafts and
also as the square root of the depth from the surface. All other things being
equal the same furnace which is placed at a depth of 200 fathoms will produce
double the quantity of air that it would yield at 50 fathoms. The horse-power of

a furnace is calculated from the ascertained weight of the air in the upcast and
downcast shafts, which will be more particularly referred to later on. Some-
times the fires of underground steam-boilers act as furnaces assisted by the heat

of the exhaust steam from the engines. Where the return air is liable to be
charged with explosive gas, it is often made to enter the upcast shaft by a dumb drift,

,

the point at which such drift enters the shaft being not less than 8 fathoms above
the end of the furnace drift, so as to ensure that the return air, if inflammable,

shall not be ignited by the furnace. By the Mines Act, 1887, the return air,

unless it be so diluted as not to be inflammable, must be carried off clear of the fire

by means of a dumb drift or airway. The dumb drift should have an inclination

of not less than 1 in 6, or the smoke is liable to flow back from the running of^the

cages or the opening of doors. If all the return airways to the shaft are charged
with inflammable gas, none of them will be available to supply the furnace with air,

and in that case it must be fed with fresh air from the downcast. The fire should

be kept thin and coal thrown on frequently, so that the air may pass freely through
the burning fuel.

The waterfall is an expedient for producing ventilation. It may be caused by
allowing the pump cisterns to run over, or pipes may be laid for the purpose, the

water being scattered and not falling in one stream. It is not a very efficient

means of ventilation, nor a very economical one, as the water has to be pumped
again, unless under the exceptional circumstances of the mine having an adit

by which the water would run level free to the surface. However, it is a very

ready way to obtain air under exceptional circumstances, such as after an
explosion.

The steam jet is another of the artificial methods of ventilation. It consists of

steam, which may be brought down the shaft, being allowed to issue in small jets

from -jL-th to -|-th inch in diameter directed upwards and placed in con-

centric circles round the bottom of the upcast shaft. It is not nearly so efficient

as the furnace, and except in cases of emergency is not much resorted to.

Mechanical Ventilation, or that caused by the use of Machinery.

—

This machinery may be divided into two classes, viz., the varying capacity or

displacement machines, and the centrifugal.

Dealing first with the Displacement machines, the oldest form of mechanical
ventilator is the air-pump, worked by a steam-engine.

The Struve is one of this kind, shown at Fig. 327. It consists of two close-

topped airometers or pistons made of sheet-iron in the form of a gasometer,

worked alternately, by means of a beam, up and down in a ring of water formed
between the brickwork. Only one of the airometers is shown in Fig. 327, the

other, similar to it, being placed at the other end of the beam. At the top and
bottom of the walls of the chambers (of which there are two to each piston) are

placed flap-valves, hung upon vertical gratings in the wood framing, and these

valves are so arranged that in making the up-stroke as in making the down-stroke

the air is both being drawn in and forced out. They are of course connected

with a passage leading from the top of the upcast shaft, and the steam-engine

placed on the surface usually works the two pistons by means of a beam, so that
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t here is an even flow of air up the shaft. The useful effect varies according to

^whether the flap-valves are new and in good order, or in an ordinary working

condition. In the Report of the North of England Mining Institute Committee

on Mechanical Ventilators, issued in 1880, they give the useful effect of the

jStruv6 working at Cwm Avon Colliery, South Wales, at 57-8, and it stands

highest on their list. It is not at present in use.

Nixons ventilator, Fig. 328, is another of the air-pump kind. It is a hori-

zontal double-acting air-pump, and the two rectangular pistons, which are of

large size, are supported on wheels which run on rails. 1 he lower half of each

chamber is in connection with the pit when the inlet-valves are open
;
on the

upper half of the chamber the outlet-valves are hung, and these communicate

with the atmosphere. The valves are much the same in construction as those of

the Struve. With this kind of ventilator, if it were possible to close the downcast

shaft and absolutely exclude the air from entering there, the ventilator, if perfect,

would create a vacuum in the mine. The useful effect of the Nixon’s ventilator,

like that of the Struve, must to a great extent depend upon the condition of its

valves. In the Report already referred to, the useful effect of the Nixon ventilator

working at the Navigation Colliery, South Wales, is given at 45-91.
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The Fabry ventilator, Fig. 329, consists of two wheels of equal diameter on
different shafts. Each axis is fitted with three broad blades from 6 to 10 feet

wide, and each blade is formed
with a cross arm, and, as the axes

revolve in opposite directions, two
of these are always in contact during

(

revolution in the style of toothed

wheels. The machine may be used
for exhaustion or compression ac-

cording to the way[the wheels revolve.

The bottom half of them fits into a

brick casing, and the air from the

shaft, if being exhausted, is taken up
between the blades and afterwards

discharged above the casing. The
shafts which bear the two wheels

t

are connected together by two ordi-

nary wheels having the same cir-
1

cumference.

In the Lemielle ventilator, Figs. 330
and 331, a six-sided drum is placed

eccentrically in the cylindrical brickwork,

and revolves upon a vertical axis. Three
vanes are attached by means of hinges

placed at alternate corners of the six sides

of the drum. The other ends of these

vanes are joined to two connected rods

which turn round a fixed shaft in the

centre of the cylindrical brickwork, and
this causes the vanes to set themselves

to the constant change of position of

the drum. By the revolution of the drum,
spaces varying in capacity are formed, the

largest occurring at the inlet from the

mine and the smallest when passing the

exhaust drift. The air is expelled by the

vanes (which act in turns as pistons) as

they approach the point of outlet. Ac-
cording to the North of England Mining
Institute Committee’s Report, the useful

effect of the Lemielle ventilator at Page
Bank Colliery, Durham, is given as 23*4,

which is very low as compared with some
of the other ventilators.

Cooks's ventilator, Figs. 332 and 333,
consists of two cylindrical drums, which
revolve eccentrically in two cylindrical

casings placed side by side. Each drum
has a swinging shutter, and this shutter

receives its motion from the crank and is

so arranged as to be always close to the drum
;

it thus forms a partition

between the outlet and inlet air while the air is being drawn in from the drift

leading from the shaft. The drums are placed opposite each other on the

Fig. 331.

The Lemielle Ventilator.
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ELEVATION PLAN

Fig. 332.
Cooke’s Ventilator.

Fig. 333 -

CROSS SECTION

C.M.H,

Fig. 335 -

Roots Ventilator. z



33$ VENTILATION.

driving-shaft, so that the flow of air is uniform, and that the drums in revolving •

balance each other. In the Report of the North of England Mining Institute'

Committee the useful effect of this ventilator working at Hutton Henry Colliery

Durham, is given at 37*33.

Roofs ventilator, Figs. 334 and 335, is a rotary displacement machine, which
may be used to exhaust the air out of a mine, or as an air-compressing machine.
It has two rotary pistons of the same size placed on separate shafts, and re-

volving in a casing having inlet and outlet openings. These may be at the top

and bottom or at the sides, but the outlet opening communicates with the atmo-

sphere. The pistons are worked by gearing on the shafts, and they revolve

without being in actual contact with each other or the casing, but the clearance

between them is only Jth of an inch. They discharge the air in four distinct

volumes during each revolution. The engines are placed at right angles to the

ventilator, as seen in the drawing. The percentage of useful effect given in the

Report previously referred to, for the Root ventilator working at Chilton Colliery,

Durham, is 47*84.

The objection to all these varying capacity ventilators is that they are not simple)

in construction, are liable to be deranged, and (excepting the Struve) give a low

useful effect.

The Centrifugal are the most popular of all the ventilators. Early forms of 1

,

these were Nasmyth’s, Brunton’s, and Biram’s fans, but those now most in use!

are the Guibal, Waddle, and Schiele, though several others are before the public,)

one of the most recent being the Capell.

Of these, perhaps the Guibal
,
Figs. 336 and 337, has met with most favour,!

but all three fans have merits of their own. The Guibal varies from 20 to 50 feet)

Fig. 336.

The Guibal Ventilating Fan.

in diameter, it has 8 or 10 blades inclined backwards and curved at the tips.

The air can enter at one side or both. The casing is not attached to the fan,
but the latter is placed in it. The air is discharged at one particular place
through a sliding or adjustable shutter, so that the exit opening may be regulated
into an expanding chimney, larger at the top than at the bottom, the effect of
which is to gradually reduce the velocity before reaching the outside, where the
current is out of the influence of the fan. The sliding shutter allows of the
outlet being regulated to suit the volume of air under various circumstances. The
most effective opening of the adjustable shutter is ascertained and fixed at any
particular colliery experimentally. The percentage of useful effect given in the
same Report as quoted before, is 40 for the Guibal ventilator at Hilda Colliery,
South Shields, but as 52*95 for that at Pemberton Colliery, Wigan.
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i

The Waddle
,
Figs. 338 and 339, is an open-running fan, because it delivers

the air all round the circumference into the atmosphere. For this reason its

(Width is reduced at the periphery, and it is therefore very narrow in proportion

to its diameter. The air is received on one side only. The blades are inclined

(backwards, these and the casing are all in one revolving piece which works
| completely free of vibration

;
when well built it forms an extremely compact,

ground line.

Fig. 338.—The Waddle Ventilating Fan.

rigid ventilator. A high velocity of periphery is obtained by a moderate number
of revolutions. The Report of the North of England Mining Institute Com-
mittee gives a useful effect of 5279 for this fan at Celynen Colliery, South
Wales.
A 30-feet one at Cwmaman Colliery—when tested in October, 1888, by the

combined committees of the North of England, the Chesterfield, and the South
Wales Institutes of Mining Engineers—gave a useful effect of 55*8 per cent, and
circulated 134,394 cubic feet of air per minute with a water-gauge of 5*53 inches.

Mr. Hugh Waddle, the inventor and patentee of the improved fan, Figs. 338 and

339, made by the Waddle Patent Fan and Engineering Co., Llanmore Works,
Llanelly, asserts that it utilizes from 15 to 20 per cent, more power than the old

z 2
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form of fan made by the predecessor of the Waddle Patent Fan and Engineerin * <

Co.—viz., the late Mr. J. R. Waddle—and erected at Celynen, Cwmaman, an! )

over 200 other collieries.

The Schiele
,
Figs. 340 and 341, runs fast, the moving part of the fan being

small, and constructed wholly in wrought iron, the heaviest portions being disposed

round the centre. The disc or blades of the fan taper from the tip, widening
towards the centre. This disc revolves between two cast-iron side walls of a
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lection following the taper of the blades. The air enters at each side of the fan

in equal quantities. The casing of the fan is in wrought iron, and takes the form
of a gradually increasing volute air-chamber, surrounding the periphery of the

blades, and culminating in the exit which forms the widest point of the air-

chamber. The object of this is to give a uniformly increasing space beyond the

tips of the fan blades, from nothing up to the full area of the discharging aperture.

ELEVATION

The Schiele Fan.

The Schiele, like the Guibal, has an expanding chimney, so that the air is

not passed directly into the atmosphere, but, owing to the increased area at the

outlet end of the chimney, the air has a gradually reduced velocity, moving
up through the chimney more and more slowly until it meets the external atmo-
sphere. Some of the Schiele fans are driven direct from the crank shaft

of the engine, but usually the power is transmitted by belting, the engine
having a broad fly-wheel for the belt, and another, of small diameter, fixed

on the fan shaft. This arrangement is necessary to obtain a proper velocity

^)rtan?TaL^ *
uie enginertnd, "moreover, prevents the

the fan being communicated to the engine, thus.. Ji



342 VENTILATION.

much less wear and tear in the engine. In the report referred to in connection

with the other ventilators, the Schiele is said to give 49'27 per cent, of useful effect

at Car House Colliery, Rotherham.

The Capell fan, as made by the Bowling Iron Co., Limited, Bradford, York-
shire, is shown at Fig. 342, and is thus described by them :

—

The fan is the smallest in the market, and is particularly adapted for moving
large volumes of air, where a high water-gauge is required, gauges now being

obtained by the Capell fan which some time ago were thought to be impracticable.

The highest gauge which has been obtained with the Capell fan is 10 inches.

The fans are made either with single or double inlets, to allow the air to pass in

on one or both sides, according to the requirements of the mine. It consists of

an inner cylinder, in which port-holes are cut, and to this cylinder wings are

attached on both sides, those on the outer side being continued to the periphery
of the fan, and the whole revolving on one shaft. The air enters into the cylinder,

and escapes through the port-holes into the outer wings, and is carried by them
until it is discharged into the evasee outlet. The internal cylinder causes no
artificial contraction, the sum of the port-hole area being always greater than that

of the actual inlet
;
on the other hand, it appears that the absolute velocity of the

air during its passage through the outer wings or chambers remains all but
unaltered. The work performed by the Capell fan in comparison with the energy
used in driving it, is remarkably high, and has reached as much as 80 per cent, of

the power developed by the engine. This necessarily implies economy of steam
power, and a smaller engine than is necessary for driving fans of less efficiency.

Further, the fans being comparatively smaller than any other, to give the same
efficiency, less expense is incurred in outlay on foundations, whilst the use of the

plated case and evasee chimney when protected from the weather by suitable

covering has been found preferable to brickwork.
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3

suspensory arms and minor forgings being of Lowmoor or Bowling iron, and
Siemens steel castings are used for attaching the fan centre to the shaft. Special

:are is taken to provide long bearings for the shaft, in order to ensure cool

running.

SINGLE-INLET ENCASED FANS.

Diameter. Width.
Revolu-
tions.

W. G.
Volume in

cubic feet per

minute.

H.P.
in Air.

I. H.P.

FT. IN.

8 o
FT. IN.

4 o 3°° 2'5 50,000 20 30

IO o 4 6 240 2*5 75,OOO 30 45

12 O 5 4 210 2*5 100,000 40 60

12 6 ooin 210 2-5 125,000 50 75

15 o 6 6 180 2‘5 150,000 60 90

DOUBLE-INLET ENCASED FANS.

Diameter. Width.
Revolu-
tions.

W. G.

Volume in

cubic feet per
i minute.

H.P.
in Air.

I.H.P.

FT. IN.

8 0
FT. IN.

7 0 300 2*5 100,000 40 60

IO O 8 6 240 2*5 150,000 60 90

12 O 10 0 210 2*5 200,000 80 120 !

1

12 6 1 11 6 210 2*5 2 50,000 IOO 150

15 O

1

11 6 l8o 2*5 300,000 120 180

The above fans will, in all cases, give a greater volume and W. G. at a higher

speed
;
or a greater volume at a lower W. G. at the same speed

;
or a higher W. G.

at a reduced volume at the same speed.

These tables are useful as indicating the capabilities of the fans, but the actual

figures in the last four columns for any colliery can only be ascertained experi-

mentally. A fan working at a certain number of revolutions and yielding a
certain result at a colliery, will probably yield a different one when working at the

same speed at another. Again, the conditions under which it works at the

same colliery vary from year to year as the workings are extended, and the air-

courses lengthened or altered.
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ENGINES FOR DRIVING CAPELL FANS, MANUFACTURED BY THE
BOWLING IRON CO., LIMITED.

I.H.P.
Diameter of

Cylinder.
Stroke.

Ratio of

Pulleys.

No. of

Revolutions.

30 10 24 3 *• 1 100

45 12 24 3 • 1 80

60 14 30 3 : 1 7°

75 16 3° 3 : 1 70

90 18 36 3 : 1 60

120 20 3 6 3i : 1 60

150 22 3 6 3* 1 60

180 24 48 4 : 1 50

The above engines are calculated at 60 lbs. boiler pressure, and they are

supplied either for rope or belt gearing.
[

The following is a recent experiment made with the Capell fan at the Carlton Iron

Co.’s East Howie Colliery, Ferry Hill :—The fan is 12 feet in diameter and 10 feet

wide, with double inlet capable of passing, at 2 10 revolutions, 200,000 cubic feet of

air per minute, with a 3-inch water-gauge. Engines, a pair of horizontal cylinders

20 inches in diameter and 36-inch stroke, running 4 to 1. Engine, 50 revolu- 1

tions
;

fan, 200 revolutions; W. G., 3*3 inches; air, 156,510 cubic feet;
|

mean pressure, 20*2 lbs.; spring, 1/30; H. P. in steam, 114*4; H. P. in air,

81*35; useful effect, 71*36 per cent.; equivalent orifice, 31*6 square feet;
'

theoretical W. G., 7*1 inches; manometrical effect, 46*5 per cent.; output of

fan, 78*2 cubic feet = 71 per cent.

If these figures are thoroughly reliable, the Capell is a most efficient mine
ventilator, and must win its way to popularity.

We are informed that Mr. Stephen Humble, of 5, Westminster Chambers,
Victoria Street, London, has recently patented an improved Capell mine ventilator.

Colliery managers and others interested in collieries will be much interested in

trials and figures connected with experiments of this new fan.

Mr. Arnold Lupton has patented a fan in which he has endeavoured to combine
the best qualities of other fans. It is called the Medium fan, being made of

a size between the Waddle and Guibal on the one hand, and the Schiele

and Capell on the other. It is a compound of the Waddle and the Guibal.

The results of experiments showing the capabilities of this fan are awaited with

much interest.

The principle on which all centrifugal fans act is this:—When the fan revolves

the centrifugal force drives the air from the centre, which tends to create a

vacuum, and air rushing in to take its place, a current is produced. In general,

ventilators are used to exhaust the air, and are, therefore, placed at the top of the
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upcast shaft, but they are capable of being used as forcing or compressing

I

machines, in which case, of course, they would be placed at the top of the down-

cast. The object to be attained, whether by furnace or a machine, is to make the

two columns in the upcast and downcast of different densities, the difference in

the weight of the two columns of air of the same height forming the ventilating

J
pressure. Where a shaft, with a fan working on it, is required for winding as well,

it is necessary to have some covering over the top of the shaft, to prevent the

entry or exit of air. For this purpose, covers are placed over the shaft, one of

which is lifted when the cage ascends, the cage itself then filling up the opening.

When the distance between the fan drift and the pit top admits of it, another plan

is to place two sets of doors in this space, and arrange these so that the cage on
leaving the surface opens the lower doors, at the same time closing the upper,

and, on coming to the surface, it opens the upper doors and closes the lower.

It is desirable in most cases, and indispensable in very fiery collieries, for

a ventilating machine to have two separate engines, either of which would
be capable of working it, and these engines should be placed on opposite sides of

the fan. The object of this is to provide a second means to work the ventilator

| in case of an accident to the first. A better plan is to have a duplicate fan and

|

engine connected with the fan drift, so that if an accident occur, either to the fan

or to the engine, the ventilation of the colliery would be ensured. In such a case

each engine and fan could be worked alternately, for a week or fortnight at a time,

so as to maintain them in good working order.

Fans of the Guibal and Waddle class, with high periphery speed

[

resulting from a few revolutions per minute, have engines coupled direct,

but small fans, like the Schiele or Capell, must make more revolutions per

minute than the others to get a high circumferential velocity, and these are usually

driven by broad straps, and the engines may be geared to suit the speed required.

These small fans make from ioo to 300 revolutions per minute, and a fan-engine

should not have a greater piston speed than 2 50 feet per minute. The most effective

engines work expansively, and are condensing, and compound engines are the

most economical in working.

As regards the economy or efficiency of furnaces, much depends on the depth
of the upcast shaft, but with fans the depth is not an element requiring con-

sideration. Besides being in every case a much safer and steadier means of

producing ventilation, fans undoubtedly give better results in shallow mines. No
doubt a furnace can be advantageously applied in a deep, dry shaft, the bottom of

which is considerably below the bottom of the downcast. If, however, the mine
be fiery, as most deep mines are, a fan should be used to produce the ventilation, and
in arranging the upcast and downcast pits the air should be made to descend that

sunk to the lowest level, and by what is called “ ascentional ventilation ” pass into

each district. This is the most natural, and also the safest, means of ventilating,

for the currents, on becoming warmer by their passage through the mine, are more
easily carried up-hill than down, and, moreover, the gas is much more readily

carried away with ascentional ventilation.

As the air, if allowed to follow its own course, would go by the easiest and
shortest route, from the downcast to the upcast, the different currents must
be guided by stoppings and doors into the various divisions of the mine. With a

downcast 15 feet in diameter, giving an area of 176715, there might be five sepa-

rate currents branching off, each 35 feet in sectional area, without any increase in

velocity. The benefits of thus splitting the air may be briefly stated. The same
ventilative power will produce a larger volume of air by splitting than by carrying

one body or current of air from the downcast round the workings to the

upcast. Each district is supplied with fresh air, which comes from the downcast
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and returns to the upcast quite independently of the other currents, so that each
is thus rendered purer and pleasanter for the workmen.

But as it almost invariably happens that the lengths of these air-currents are

unequal, the air if allowed to take its own course would not flow in equal

quantities into each division, or in such other proportion as from the circumstances
of each district may be desirable. If left to itself the shortest air-course would
probably get the largest share of the air

;
but there are other circumstances, such

as sectional area and rise or dip workings, which would affect the quantities flow-

ing into each district. To balance these splits, if they are very unequal, regulators

are fixed, in such a way that we can enlarge or diminish the aperture, through
which the air passes, at pleasure. Usually this is done by means of a sliding door
which moves horizontally in a groove in the wooden framing. Sometimes the

door slides vertically, but whichever way it moves it should be kept locked in its

proper position, by a properly appointed person. It does not matter whether
these regulators are placed in the intake or return airway, so far as regards

restricting the passage for the air, but as they would form obstructions in the

intakes which are used generally for haulage, they are placed in the return air-

ways. The amount of opening for the passage of air is determined by the

circumstances of the mine, and the relative quantities desired for each district.

Fig. 343.—Permanent Stoppings in Fiery Mines.

The stoppings used to prevent the air from being diverted from the desired course

are variously constructed. For a non-fiery mine it may be found sufficient to build

a brick or stone wall across the mouth of the road leading out of that intended

for the main air-course and to back it up with rubbish to prevent leakage. In the
j

case of fiery mines, however, these stoppings cannot be too strongly built, as they I

may possibly have to resist the effect of an explosion, and it must be remembered
!

that a blown-out stopping allows the intake air to return through it to the upcast

shaft. The best stoppings have two walls 15 or 20 feet apart, each with a curved

outline, the convex sides of which are presented outwards and the space between

the walls filled closely with stone or rubbish : see Fig. 343.

If only stoppings were built strong enough to resist the force of an explosion of

firedamp, the air-currents, unless stopped by falls, would still flow into the work-

ings after the explosion, and many lives might thus be saved which would other-

wise be lost through the afterdamp. Occasionally it is necessary to have a

travelling road through some of these bye-roads, and it is then impossible to have

the way bricked up altogether. Doors of course must be fixed in such cases, but

as it is impossible for these to resist the effects of an explosion they should be

avoided if possible. Where they must be put, they should have considerable

attention paid to their design. If only required for travelling through, the frame

should be set in masonry and the doors hinged from the top and open towards

the intake side. This will ensure their falling to, despite of any want of thought

on the part of the person passing through, and if instead of being placed vertically

they form an angle of 70° or 8o° with the floor, they will remain closed, the force

of the intake air helping to keep them firmly in that position. Where the road

has to be used both for travelling and the passing of tubs, a different kind of door

is required so as in opening to allow the horse and tubs to pass. The framing of

such doors should not be set quite upright, but sufficiently inclined for the door
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l

to fall and close by its own weight. A boy is stationed near to open it as

required. Two similarly constructed doors or more should be used between all

main intake and return airways, and wherever the escape of air during the passing
I of the tubs is important, they should be placed at such intervals apart as to

(allow of the train or set of tubs and the horse to be between them, to prevent the

two doors from being open at the same time. In fixing these doors care should be
( taken to make them airtight at the different joints and spaces behind the framing.
! Safety-doors are sometimes fixed in the roof, so that in the event of an explosion

i
blowing the ordinary doors away, these safety-doors may fall into use or be

! dropped as soon as possible and so take the place of the others.

I

It is often necessary to take one current of air over or under another. Usually

|

the “ returns
”

are taken over the “ intake,” and this is done by means of an air-

crossing or air-bridge. In fiery mines these should be made so strong as to

resist the effects of an explosion, and the better plan is to pass the return below
the intake. In all explosions there is more force exerted in the intakes than
returns, and it often happens that an arch of a crossing is lifted up and blown
away. Wherever practicable the intake and return should be separated by some
feet of solid rock. Fig. 344 shows
an air-crossing suitable for a fiery

mine. A great deal of care must
also be taken in fiery mines to

keep the brattice well up to the

face of the workings, and if the

brattice does not equally divide

the road the smaller side should

be the intake. The brattice

usually consists of canvas nailed

to the posts and divides the road
into two equal divisions vertically,

providing one of such divisions is

large enough for the passage of the tram or tub, or if not, one division is made
wider than the other. Brattice may also be made by nailing boards to the posts,

and for a more permanent brattice in the case of a stone drift to be driven a

considerable distance a division is formed by building a brick brattice.

As to the velocity at which the air is taken along the roads much will depend
upon the circumstances, but it is always desirable to have large air-courses, and as

each split of air must have from 5,000 to 6,000 cubic feet per minute, and perhaps
more, there would be in a road 6 feet by 5 feet or 30 feet area a velocity of

= 200 feet per minute for the latter quantity. There is no inconvenience in such

a velocity, but if the same quantity of air were taken along an extremely small

road the velocity would be unpleasant to those traversing it. A velocity of from
100 feet to 300 feet per minute is both safe, convenient, and economical. At
some collieries the main airways are swept by current velocities of 1,200 feet per

minute. If an ordinary Davy lamp be used at the colliery 300 feet per minute
is the extreme vekicity the air should travel at in the return air-courses, where the

air is mixed with firedamp to a dangerous degree, because the flame of an ordinary

Davy lamp will pass the gauze in a current of 6 feet per second, and it would not

be safe to use such a lamp in currents approaching the explosive point. In

shafts, in the main intake and return airways, the velocity cannot in practice be
kept so low as in the further parts, because the former are necessarily limited in

number. From 900 to 1,000 feet per minute is a fair velocity for the air to travel

at in the shafts, and generally if it is required to pass from 1 50,000 to 200,000
cubic feet per minute, the diameter of the shaft should be not less than 14 feet.

There is a difference of opinion as to whether the upcast or downcast should
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be the larger. Owing to the expansion of the air, the volume ascending the up-

cast would require more area than the downcast, if the same velocity were
maintained in the two shafts. But there is no absolute necessity for this, and i

the velocity of the air may be much higher in the upcast shaft. Irrespective of

areas, it is more important that the upcast shaft be on the rise side of the

downcast, but in the case of two shafts of equal depth whose surface levels are

the same, a slight advantage will be derived from making the shaft whose area

is least the downcast so that the velocity of the air may be the same in each
shaft. Other considerations may, however, suggest a different arrangement;
for instance if a furnace were used, the larger shaft being wet, and the smaller

one dry, the circumstances point to the advisability of making the larger shaft

the downcast. Again, where a furnace is used, there may be wire ropes or

tubbing that the smoke of a furnace would injure in the one shaft and not in

the other, so that in making a decision as to which shaft shall be the upcast, the

particular circumstances of the case must be well considered.

Experiments have been made with fans worked by compressed air placed
i

underground at long distances from the bottom of the shaft. The object of these

fans is to assist the main or general ventilating power. Where there are far-off I

splits otherwise difficult to ventilate, these auxiliary fans give good results and i

increase the total quantity of air circulating.

The usual method of ascertaining the quantities of air in mines is by the use
of the Anemometer—an instrument for measuring the velocity of the air. The
wind gives the vanes of the anemometer a speed proportional to that of the current,

and the number of revolutions is registered upon the face of a dial fixed on the

central part of the instrument. Biram’s anemometer is the one in general use,

and in it each revolution of the vanes corresponds to one foot in the linear motion
of the air. To get the number of cubic feet passing per minute, multiply the

velocity per minute, or in other words the recorded revolutions per minute by the

sectional area of the airway. A slight correction should, however, be made owing
to the friction of the anemometer. The rule generally used to find the true

velocity is v = *97 R + 40 nearly, where v — the true velocity and R the recorded
number of revolutions per minute.

Another method of air measuring formerly practised in mines worked with

naked lights, but now seldom used, consists in exploding a small quantity of gun-
powder and noting the time the smoke takes to traverse a certain distance, from
which the velocity of the air is ascertained. The method of holding the anemometer
is worthy of remark, as different results may be obtained in the same airway owing
to the difference in the velocity of the current at different parts of the airway. It

should be held at arm’s length in front of the body, the vanes should be kept

square with the current of air, and the anemometer should be slowly moved
uniformly over the whole area of the airway from a point near the floor to a point

near the roof. Several trials should be made in the same place and the average

result taken. In large airways and fan drifts, where the greatest accuracy may
be required in testing the efficiency of fans, the most correct method is to fix

fine wires or strings across the road from side to side and from floor to roof, at

regular distances apart, the one set of strings being placed at right angles to the

other, so as to divide the airway into a number of even divisions, and then to

note the revolutions of the anemometer during 1, 2,01*3 minutes at each division.

The mean of these are taken. But the operation should be repeated in cases

where great accuracy is desired, and if the mean result differs materially from the

first mean result, it will be necessary to go through the operation again, and
perhaps again.

The Thermometer is a measurer of temperature, mercury being used for
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ordinary temperatures. It depends for its action on the fact that all bodies

with the rise and fall of their temperatures expand and contract. It consists

of a glass tube closed at the top, with a bulb at its bottom end, and having

.
mercury placed in it. A scale of degrees is fixed to the tube. As used in mines
the thermometer registers the temperature of the air, and we are able to measure
the difference of temperature between the air in the downcast and upcast shafts

or at any desired point in the workings.

Thermometers are graduated according to three scales, viz., Fahrenheit’s,

which is that commonly used in England
;
the Centigrade scale, which is that

generally used in the scientific world
;
and Reaumur’s scale, which is that taking

its name from a French philosopher, who constructed his thermometer with

alcohol of such a strength that 1,000 parts at the freezing point of water became
i,080 parts at its boiling point.

On Fahrenheit’s thermometer 32
0

indicates the freezing point and 2i2°the
boiling point of water, and the space between these two fixed points is divided

into 180 even divisions; these even divisions are produced above and below
i 32

0 and 2120 .

In the Centigrade thermometer o° indicates the freezing point and ioo° the

boiling point of water, the space between these two points being divided into 100
even divisions. In Reaumur’s o° indicates the freezing and 8o° the boiling point

of water, the space between these two points being divided into 80 even divisions.

It is plain therefore that

—

180
0
Fah. = 100 Cent. = 8o° Reaum.

and therefore i° Fah. = f Cent. = £ Reaum.

To transfer Fahrenheit degrees to the other scales, we must first subtract 32
0
,

in order that the number of degrees from the freezing point may be ascertained.

These multiplied by fths will give the equivalent number of Centigrade, and by
fths the equivalent number of Reaumur degrees.

To reduce Centigrade and Reaumur degrees to the Fahrenheit scale, multiply
by f and £ respectively and add 32

0
.

If the temperature be below the zero in any of the scales, a minus sign (— ) is

placed before the number thus : — 5
0 Fah. means 37

0 below freezing point.

The following examples may be tested :

—

Fah. Cent. Reaum.
t 9

°° = 877° = 70*2°

155 = 68-3° = 54
*

6
°

128° = 53
’

3
° = 42*6°

3
° = — i6*i° = -12*8°

-i 5
° = -26T 0 = -20-8°

-40° = II0b1 -
3
2-°

It must be borne in mind that a thermometer does not give the absolute expan-
sion of the mercury, but the difference between the expansion of the mercury and
that of the glass. Mercury expands about 7 times more than glass.

The Barometer is an instrument used for measuring the pressure of the air.

If a glass tube a yard long and closed at one end be filled with iftercury and
inverted with the finger placed over the open end until that end be placed in a
vessel containing mercury and then removed, a part of the mercury will run out,

but the tube remains filled to a height of about 30 inches above the surface of the
mercury in the vessel. That is, the ordinary pressure of the atmosphere is suffi-

cient to balance a column of mercury 30 inches high. But the pressure of
the atmosphere varies in this country between 28 and 31 inches of mercury.
The barometer has a scale and a sliding vernier fixed to it, by means of which it
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may be read to the x£oth P art °f an inch- In a former part it was stated that thei

average atmospheric pressure was sufficient to balance a column of water nearly]

34 feet high, and as mercury is 13*59 times heavier than water, it is consistent!

04x12
that it should balance a column of mercury 30 inches high, for

^
= 30 |

inches. The barometer is of service in showing atmospheric changes. The issue!

of fire-damp from the goaves and working faces of the mines is checked when

'

the barometer is high, and liberated rather more freely when the barometer is 1

low. A consideration of the difference of the quantity of gas yielded under the

two extremes of the barometer is not so important, however, as the result follow-

ing from a falling barometer, because the escape of fire-damp is facilitated when, 1

after the barometer has stood steadily at a high or moderately high reading for

some days, it is succeeded by a rapid and sudden fall. The gas under those

circumstances issues more freely from the coal, and also owing to the reduced
pressure it finds its way out of the goaves into the roads

;
it is important

therefore to exercise increased vigilance in fiery mines during a falling baro-

meter, whether it stood high or not before it began to fall. Numerous cases are

recorded where the airways of mines were found to contain large quantities of

fire-damp with a steady barometer of long continuance, though the airways were
a short time previously clear of the gas at the same indication of the barometer.

This has been followed by a falling barometer, proving that the fire-damp of our

mines is more sensitive to atmospheric changes than the barometer, as indeed

might have been expected—gas being such an attenuated, mobile and highly

elastic fluid. The lesson to be learned from this is, that while we duly appreciate

the barometer and go to it continually for its readings, we do not rely solely on
it, but continue our examination with extreme caution to the innermost recesses

of the mine, ever on the alert for every change.

When the barometer is at 28 inches, the pressure of the air per square foot is

about 1,979 lbs., and when at 31 inches it is about 2,191 lbs. To find the theo-

retical quantity of gas that would be given off from each 1,000 cubic feet of space

in the gas-charged goaves of a fiery mine due to a fall of the barometer from

31 to 28 inches :— 31 — 28= 3 inches difference. Then as 31 : 3 :: 1,000 : 9677
cubic feet. So that if the goaves could be measured and were found to contain

10,000 cubic feet, there would be 9677 x 10 = 9677 cubic feet of fire-damp

given off by them. The cubic contents of goaves cannot be measured with any

degree of certainty, however, and any estimate of goaf contents must be based

on the superficial area over which the goaf extends and an assumption of a

certain percentage of it being more or less open. The amount of goaf present

in some old collieries necessitates the greater caution in observing and noting the

changes of the barometer.

Atkinson, in his General Principles of Ventilation
,
says :

—“ In ordinary states

of the weather mercury is about 10,800 times as heavy as the same volume
of air near the surface of the earth, and hence about 900 feet of ascent or

descent makes a change of 1 inch of mercury in the height of the barometer.”

Again, “ The air at the surface of the earth is generally pressed by the whole of

the air above it, to an extent measured by 29*922 inches of mercury (reckoned

at the density due to melting ice 32
0
), as shown by our common barometers

;
a

pressure equal to 2,116*4 lbs. per square foot. To give this pressure we should

require the air of the atmosphere to be 26,216 feet high, if it was all as heavy

as the air at the earth’s surface.”

In forming a rule to meet the fluctuations of the barometer, take this 26,216

feet as being the height of the atmosphere at sea level, which gives its appreciable

weight or pressure on the earth’s surface.

Then for pits on the datum line of sea level will be obtained the following rule

to find the height of the mercurial column corresponding to shaft depths.
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!

I = ^ where I = inches of mercury due to the shaft depth
;
D, depth of

shaft in feet; and B, height of barometer at the pit top. The barometer reading

at the pit bottom will then be the reading at the top + I, or in case where the

height of the barometer is given at the top and bottom of a pit whose depth it

is desired to know, and where I represents the difference of the two barometer

.. _ 26,216 x I
readings, D = ^ •

Supposing a question like the following has to be answered. The barometer

at the top of a shaft is 30*2 inches, the thermometer is 65° F., the depth of the shaft

is 1,100 feet, and the thermometer stands at 75
0
F. at the pit bottom, say what is the

difference in the pressure of the air at the top and bottom of the shaft, and the

difference in the reading of the barometer.

Here I = 1,100 x 3c 2= 1*267. Therefore the reading of the barometer at

air at the shaft top by Atkinson’s formula, ;,07638i4lb. Similarly,

26,216

the pit bottom is 30*2 -f 1*267 = 3 1 *467. To get the weight of a cubic foot of

1*3253x30*2

459+65
1*32^3 x 31*467—
—

^ = *078096 lb. as the weight of a cubic foot of air at the shaft

bottom.

Hence, *078096 — *0763814 = *0017146 lb. difference in the weight per cubic

foot of the air at bottom and top of the shaft.

The Water-gauge is a very simple instrument, and consists of a glass tube

bent like the letter U, both ends of the tube being open. A little water is placed

in the bend of the tube, which forms the bottom part of it. A sliding scale of

inches and decimals of an inch is attached to it. At the top of one arm of the

tube is placed a nose piece, by means of which it is passed through a door, and,

by so doing, one side of the tube is placed in contact with the air on one side of

the door, and the other is exposed to the influence of the atmosphere or air cur-

rent at the other. Where a difference of atmospheric pressure exists, such as

would be between the intake and return currents of air near the shaft, or between
a fan drift and the outside air on the surface, the water is depressed in one side

of the tube and raised in the other. The scale of inches and decimals shows the

difference of level in the tubes. The instrument is used thus to show the force

of the air current generated whether by furnace or fan.

The weight of a cubic inch of water being *036 lb., if the water-gauge read
1 inch the pressure is *036 lb. per square inch, or *036 x 144 = 5*184 lbs. per
square foot

;
usually taken at 5*2 lbs. per square foot. For any other reading of

the water-gauge, multiply 5*2 lbs. by that reading to find the pressure per square

foot. Thus, *5 on the water-gauge = *5 x 5*2 = 2*6 lbs. pressure per square foot.

The water-gauge acts as a check on the state of the air courses. When they

remain in the same state over, say, two days, and the ventilating power is not

increased or lessened, the water-gauge on the second day in each position of trial

should, under ordinary circumstances, read the same as on the first, and, if not,

it would probably be owing to a fall in some aircourse or aircourses which had
increased the friction.

It will be well here to consider some of the rules for working out problems con-
nected with furnaces and fans as used for motive powers.

The power obtained by furnace ventilation is measured by the difference

between the weight of the air in the downcast and upcast shafts. The length of

column in the downcast, which would be equal in weight to the difference of the
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weight of the air in the two shafts, is called the motive column, to find which use
the following formula :— I

Let M = Motive column in feet.

„ T = Average temperature of air in the upcast.

„ t — Temperature of the air in the downcast,

,, D = Depth of the downcast in feet.

D
T-'

Then M
1+459'

t + 459
of motive column in feet of air of the temperature in the upcast, and this formula

T — t
will give the same pressure in pounds per square foot as M = D x

T + 459
which gives the length of motive column in feet of air of the temperature of the

air in the downcast, but the former gives also the theoretical velocity, viz., v =
V2 g M, with which the air would escape from the upcast neglecting friction.

Applying this formula to the foregoing example M = 300 x
150 — 60 = 52*02.
60 + 459

Or, taking the total weight as before, worked out in the downcast at 2,596*74 lbs.,

and in the upcast at 2,213*34 lbs., with a difference between the two of 383*4, the

motive column in feet of air of the temperature of the upcast may be found by

proportion thus:—As 2,213*34 : 300:: 383*4 : 51*97, as before, except a slight

difference owing to the loss of decimal places.

The simplest way of getting the difference of pressure on each square foot of

area between the upcast and downcast is by using the water-gauge. If this had

been tested at the separation doors between the upcast and downcast shafts in the

case just given, it would have read about *65", because 5*2 x *65 = 3*38 lbs., as

will be understood by reference to the remarks on the water-gauge.

If the depth of upcast and downcast were each 300 feet and were 12 feet in

diameter, or had 113 feet superficial area, the temperature of the downcast 6o° F.
and the average of that in the upcast 150° F., the motive column would be 300 x
150 — 60

— 44’33 feet, that is, the air in the downcast would balance the air in
150 + 459
the upcast with a column 44*33 feet shorter than that in the upcast.

From the formula already given to find the weight of a cubic foot of air at any
temperature, and under any pressure, if the barometer read 30 inches, to find the

1*3253 X 30
weight of a cubic foot in the downcast, = *0766 lb., and this multi-

plied by the depth in feet and by the area thus, *0766 x 300 x 1 13 = 2,596*74 lbs.

the total weight in the downcast. For the upcast,
^^4, j^q

= ‘06529 lb.,
|

the weight of a cubic foot and multiplied by 300 and by 113= 2,213*34 lbs. as the
total weight in the upcast. 2,596*74— 2,213*34 = 383*4 lbs. as the difference in

weight in the two shafts. Therefore to find the motive column, as 2,596*74 : 300
:: 383*4 : 44*3 as given before. If the quantity of air circulating were 150,000
cubic feet per minute, proceed to find the horse-power exercised by the furnace

thus :—The weight of a cubic foot of air in the downcast being *0766 lb. at the

bottom of the pit, there would be a pressure of *0766 x 300 = 22*98 lbs. due to

its mere weight. In the upcast the weight would be *06529 x 300 = 19*587 lbs. and
22*98 — 19*587 = 3*393 lbs. as the difference of pressure on each square foot of

_ , 150,000x3*393
area. Therefore = 15*4227 horse-power.

33,000 D * / r

T 1
Some authorities use the formula M = D x which gives the length
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|

This head or motive column may be easily converted into inches of water, as

shown in the water-gauge. The motive column is always expressed in feet, and
as the weight of a foot of air at 6o° F. is 0*0766 lb., and that of an inch of water

is 0*036 lb., this gives a pressure of *036 x 144 = 5*184, but, as before stated,

usually taken at 5 *2 lbs. per square foot
;
therefore multiply this motive column

by *0766 (= *0766 x 44*3 = 3*393 lbs.), the pressure of a foot of air, and divide

'the product by 5*2 lbs., the pressure of an inch of water, to find the indication

of the water-gauge. 3 393 _ .5^ Or, w^at i s the same thing, divide the

' motive column at once by 68 to find the water-gauge, because 3

(
*0700

I

Taking then the motive column at 44*3 feet in the case being considered, the

water-gauge would read —

^

= *6514.
68

Or, if the motive column had been expressed in feet of air of the temperature

of the air in the upcast, a foot of air at 150° F. as shown, weighs *06529 lb., and if

the motive column of 52*02 feet be multiplied by *06529 lb., the pressure of afoot

of the air, and the product be divided by 5*2, thus s the result is

68 nearly.

5*2

which is almost the same as before, proving that

per square foot is the same whichever formula is

the water-gauge = *653

the pressure in pounds
used.

To find the horse power of ventilation then multiply the pressure per square

foot (which may be ascertained by multiplying the water-gauge in inches by 5*2)

by the cubic feet of air passing per minute, and divide by 33,000.
The ventilating pressure is chiefly required to overcome the resistance due to

friction and obstruction, that required to put the air in motion being very slight.

If that pressure be expressed as a head of air or motive column, the velocity due
to the pressure will be equal to that which a body would acquire when it had
fallen through a height equal to the head. A column of air 1 square foot in

section and 13*09 feet high, weighs 1 lb., and will therefore exert a pressure of

1 lb. to the square foot. This pressure produces a velocity in the air current

equal to that which would be attained by a falling body through a height of 13*09

feet. This is usually expressed by the well-known formula for gravity, V2 =
h 2 g, whence V = a/h x 2 g in which V is the velocity in feet a second, h, the

height or space in feet fallen through, and g, the velocity in feet acquired by a

falling body at the end of one second of time, the value of which is 32*2. Thus
_ V2

V = \/h x 64*4 = 8*02 Vh, and therefore h = ^jTj^

If the air current has a velocity of 4 feet per second, the head required to

produce this velocity (omitting all consideration of friction) would be calculated

thus, h — ^— = *2484 foot, or expressed
64*4

in inches of water-gauge
•2484

68
"

*00365. Strictly speaking, this value should be added to that found for frictional

and other resistances in mines, but when it is noted how very small is the pressure

required to produce the velocity, and also the fact that the resistances are only

estimated approximately, it is not surprising that the pressure to produce the

velocity is in practice neglected, and the calculations rendered easier by such
neglect.

The economy of a fan is often judged of by what is called its useful effect.

This simply means the proportion that the power of ventilation bears to the horse-

power exercised by the engine in driving the fan. Thus, suppose the horse-power
of a fan-engine to be 100, and the horse-power of ventilation to be 50, we say

that the useful effect of the fan is 50 per cent. Where it is desired to work out

C.M.H. A A
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questions as to the useful effect of ventilating fans, it is necessary to be very

exact in all data, or the results are misleading. Thus, the air must be verJ

carefully and accurately measured at a point near the fan inlet, as explained

under remarks on the anemometer. If it is desired to calculate the useful effect!

on the volume of intake air, a correction will have to be made for pressure and'

temperature, as the volume of air in the fan drift will be increased as compared,
with its state at the intake owing to different barometer and thermometer readings.'

That is, supposing in the ventilator drift the barometer reads 30 inches and
the temperature shows 70° F., whilst the readings are 3 1 inches and 40° Fj

respectively at the intake airway. Then for every 1,000 cubic feet per minute in the'

intakes, the volume it would occupy in the ventilator drift will be found by the

formula already given thus, 1,000 x $}_ _

X
f'

70 = 1,005 3 cubic feet.J &
30 x (40 + 460)

^ 0

Then as 1,095*3 : 1,000 :: quantity in fan-drift : intake quantity.

Again, very accurate diagrams must be taken with the steam indicator (of

which more will be said hereafter) on both sides of the piston, and these should'

be made simultaneously with the air measurements, and in calculating the horse-

power of the engine allowance must be made for the area of the piston rod,!

whether on one or both sides of the piston, as the case maybe. Any natural!

ventilation operating with or against the fan should be carefully ascertained and
j

allowed for. As it is evident that all the horse-power of the engine is not used
|

for driving the fan, but a part is required to overcome its own resistances, these
,

should be ascertained by disconnecting the engine from the fan, and diagrams
taken of it when running at the same speed as when working the fan. Suppose
it be required to find the useful effect of a fan when there are 200,000 cubic feet

of air passing per minute with 2 inches of water-gauge. The fan is worked by
an engine having a 28-inch cylinder and 4-|-foot stroke, there being a piston

rod of 4 inches’ diameter on either side of the piston, the effective pressure 1

of steam on the piston is 30 lbs., and it has a speed of 270 feet per minute
resulting from 30 revolutions. The horse-power to work the engine without

the fan has been ascertained to be 18.

The horse-power of the fan is
200,000 X ^ 2 *

-

2 = 63. That of the engine
33,°°°

is 28 s x 7854 = 615*753 area of piston; 4
2 x *7854 = 12*566 area of piston-rod;

power of fan engine. As it requires 18 horse-power to work the engine itself,

148 — 18 = 130 as the useful horse-power of the engine. Therefore as 130 : 63
:: 100 : 48 5 per cent., which is the useful effect of the fan.

As to the amount of air exhausted by fans of given dimensions, it is almost

impossible to say what that might be
;
very much would depend upon the

condition and size of the airways, and these vary, so that the same sized fan of

the same make gives different results at different collieries, sometimes being

assisted by the natural ventilation and sometimes not.

A centrifugal fan, properly proportioned, and employed merely in displacing

air, that is, under no drag, should deliver (at a velocity equal to the tips of its

blades) a stream of air having a sectional area equal to the breadth of its blades

at their outer ends, multiplied by the circumference of the circle described by

those ends.

Also, the greatest water-gauge which any centrifugal fan can afford is dependent
upon the speed at which the tips of the blades can safely be driven. Theoretically

the depression of water-gauge, due to the velocity of the periphery of a perfect

fan is equal to twice the height of column necessary to create such velocity in a

falling body.

Take the case of a fan 24 feet in diameter, and allow it to run 64 revolutions

6 1 5*753 — 12*566 = say 603 effective area of piston
603 x 30 x 270

3 3,000
= 1 48 horse-
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V2

per minute, it will be seen from the law h = , when V = the speed of the tips
f 64-4

of vanes in feet per second, that theoretically the greatest water-gauge it could afford

L ( 2 A. X 3*I4l6 X ^2
(would be 2*954 inches, thus h — L-- A_z_ == 100*43 ;

twice this head

200*86, and
2
-°? ^ = 2*954 inches of water-gauge, taking the atmospheric
n X

;pr at a temperature of 6o° F. and at 30 inches barometric pressure.

Experiments seem to show that with a Guibal fan a certain amount of benefit

its derived from the shutter and chimney, and that the water-gauge as actually

• t[aken during those experiments gave a slight excess over the theoretical water

Ikauge.

i

Equivalent Orifice .—If an opening be cut in a thin plate and the latter

jbe then placed at right-angles to the direction of air in motion so that the air in

jits passage is obstructed by the plate, it meets with resistance in passing through
the opening. M. Murgue assimilates the workings of a mine to such an open-
ing in calculations for ventilating purposes, which he calls the equivalent orifice.

To find the equivalent orifice for any given mine :

—

Let Q — Quantity of air in cubic feet per second passing through the

opening (i.e

.

circulating round the mine).

ha — Ventilating pressure in feet of air column, required to over-

come the resistance of the mine.

A = Opening in thin plate in square feet {i.e. equivalent orifice'),

k = Co-efficient of contraction of orifice {i.e. vena contracta
= -65).

Then :—
Q = V 2 gha x k A = ^ 2 gha X *65 A.

A A = Q
•65 V2 gha

It is however often more convenient to use the following units, viz. :

—

Q in thousands of cubic feet per minute.

ha in inches of water-gauge.

When the formula becomes

A = °'37 Q Q = A /*
and h. = 0-1369 {w*ha

o*37

The average value of A for English mines is said to be about 20 and for

Belgian 8*6 square feet.

Orifice of Passage .—-The air in being exhausted from a mine meets with

obstruction at the ventilator, the effect of which is to reduce the duty of the

ventilator. The observed depression produced by the ventilator is always higher

than where ascertained in the roadways of approach, the increase being to some
extent due to overcoming the various resistances in the ventilator. M. Murgue
treats this as the orifice of passage.

As to the volume of the ventilative current required for any particular colliery,

this will depend entirely upon its own circumstances. The volume of air inhaled

by a man is 27*8 cubic feet per hour. Smyth, in his Coal and Coal Mining
,
says

“In round numbers 100 cubic feet of air per minute maybe required for the

health and comfort of each person underground, or for 100 men, 10,000 cubic

feet
;
but if fire-damp be given off at, say, the rate of 200 cubic feet per minute

a a 2
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we should need at the very least 30 times that amount of fresh air to dilute it, 0
\

6,000 cubic feet in addition. Increase the number of men and liability to gas *

and 40,000 or 60,000 cubic feet of air may be indispensable for safety.” Ii

Andre’s Mining Engineering there is a definite formula for finding the

ventilative current necessary in a mine as follows :

—

V = w 24 + >6 72 +/ 192 +/* (7 x 2,700 + s).

where V = Ventilative current in cubic feet a minute.

m = The number of persons employed.
h = The nui ber of horses in the mine.

p = The weight in pounds of the gunpowder consumed an hour as i 1

maximum.

f = A factor of safety which would vary in different districts as well asl

in different mines, so as to be 2, 3, 4, 5, or more times;:

this can only be determined by the judgment of the engineer
,

but it must not be taken at less than 2 under the most favourable

circumstances of a mine worked by long-wall (post and stall;

requiring more) and yielding very little fire-damp.

q
— The output or average quantity of coal raised a minute in tons.

'

and ^ = The exposed surface of the coal in square yards, which can be

calculated from the output and the thickness of the seam.
A horse is assumed to breathe 6 times the quantity of air required by a man,

and to require 3 times the quantity required by a man and his lamp.
Applying this rule to a mine worked by long-wall, in which say 400 tons per

day of 8 hours are raised, 200 men employed underground and 10 horses, and
10 lbs. of gunpowder per hour are used, the extent of coal surface exposed
being 600 square yards, we have V = (200 x 24) + (10 x 72) + (10 x 192)

+ 2
(snrb

x 2 >7°° + 6°°}

Then V = 13,140, that is taking/*, the factor of safety at its lowest figure and
assuming the mine to be fairly free of gas, but if it be fiery and the factor 5 be

adopted, the quantity would be 21,690 cubic feet.

If Smyth’s rule be applied to this example

—

For the men 200 x 100 = 20,000

„ ,, horses 10 x 300 = 3,000

it gives 23,000 cubicfeet, besides what

may be necessary for the gas, which is not definitely known.



CHAPTER XI.

ON THE FRICTION OF AIR IN MINES.

'jThe Pressure necessary to Overcome Friction—Rate of Increase or Decrease—Power necessary

to produce Ventilation—Rate of Increase or Decrease—Best Form of Airway—Examples on
Pressures and Powers of Different Shaped Airways—Questions and Answers on Ventilation.

The friction of air in mines arises from its rubbing along the top, bottom and
‘^ides of the aircourses in its course round the workings. It is not difficult to under-
stand that the more rubbing surface there is presented to the air, the more fric-

tion there will be, and that the amount of rubbing surface depends upon the length

and perimeter of the road along which the air is taken. It is also obvious that the

faster the air is made to travel, the more will be the friction. The late Mr. Atkin-

son has most ably argued the theory of circulating the air in mines, and he says

in his Practical Treatise on the General Principles of Ventilation
,

# that “ the

pressure required to overcome the friction of air increases and decreases in

exactly the same proportion that the area or extent of the rubbing surface exposed
to the air increases or decreases, so that when the velocity of the air and the

sectional area of the airway, remain the same, the pressure required to overcome
the friction is proportional to the area or extent of the rubbing surface exposed to

it
;
and hence if we double or treble the extent of the rubbing surface, we also

double or treble the friction, or what is the same, the force or pressure required

to overcome it.” Again he says “the pressure required to overcome the

friction in the same airways varies in the same proportions that the square of

the velocity of the air increases or decreases, so that a double velocity of air in

the same airway meets with a double double or fourfold resistance, a treble velocity

meets with a treble treble or ninefold resistance
;
and a velocity of four times as

great gives rise to a resistance four times four or sixteen times as great. In the

same way a half velocity meets with one half of a half or Jth of the resistance
;

§rd of the velocity encounters only a third of a third or -§4h of the friction, and so

on.” “It seems probable that for every foot of rubbing surface and
for a velocity in the air of 1,000 feet per minute, the friction is equal to o’2688 i

feet of air column of the same density as the flowing air, which is equal to a

pressure, with air at 3 2,
0

of 0'02iy lb. per square foot of area of section.

Calling this the co-efficient offriction, we have the following rules with respect to

the friction of air in mines :

—

Total pressure

Rubbing surface

Velocity squared

p a —

v 2 —

k s v 2,

pa
kv*

pa
ks

Co-efficient of friction k =

Pressure per foot p =

pa
sv2

ksv2

a

Area of section

* See pp. 34-55, 1 st Edition, 1871,
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where p = pressure per square foot.

a. = square feet of sectional area.

s = the area of rubbing surface exposed to the air.

v = the velocity of the air in thousands of feet per minute, i,ooc

feet per minute being taken as the unit of velocity.

k = the co-efficient of friction in the same terms or unit as p is

taken in.”

“ The quantity of air only varies as the cube root of the powers
g

and of the quantity of coals burnt to produce it
;
so that eight times the coalsi.

only double, and twenty-seven times the coals only treble the quantity of air

circulating in a mine, whether the ventilation is produced by furnace action
,

ventilating machines, or otherwise, so long as the airways remain in the samel,

unaltered state.”

It may be learned from these quotations that theoretically airways should be asl

smooth and as free from obstructions as possible, because roughness andj

inequality such as would be caused by projecting pieces of rock or timber, or

from falls in aircourses produce friction. Again, theoretically, the best form of

aircourse is the circular, because a circle whose area is i square yard has a peri-

meter equal to 3*545 yards, whereas a square whose area is 1 square yard has a

perimeter of 4 yards. The square form is preferable to the rectangular, for a

rectangular airway 6 feet by i\ feet has an area of 1 square yard, but its perimeter

is2 + 2+ | + J= 5 yards. It is not convenient to have circular airways in

mines, so the square form should be adopted as far as practicable
;

also

theoretically, large airways are preferable to a number of small ones represent-

ing the same area.

Exa?nple 1.—Supposing two airways lead from the downcast to the upcast:

shaft, having equal perimeters and areas, but one is, say, 800 yards long, and the

other 400 yards long, the total air circulating being 12,428 cubic feet per minute,

the quantity going into each airway will be inversely as the square root of the

rubbing surface. As, however, the airways have equal perimeters, it is equally

true that their quantities will be inversely as the square root of their

lengths. Therefore to find the relative quantity that the 800-yard airway gets as

compared with the 400-yard airway’s quantity, proceed thus, as ^/8oo : ^400, or

as : v/l >
as I ‘4 I 4 2 : 1 >—that is, for every cubic foot going into the 800-yard

airway, 1*4142 cubic feet will pass into the 400-yard airway. Knowing the total

quantity circulating to be 12,428 cubic feet per minute, and the relative quantities

to be 1 and 1*4142, the actual quantities will be found thus :

—

For the 800-yard airway as 2*4142 : 1 : : 12,428 : 5,148 c. ft.

„ ,, 400 „ „ as 2*4142 : 1*4142 :: 12,428 : 7,280 c. ft.

If, instead of these two airways, two of the same area and perimeter, but each

600 yards long between the two shafts could be substituted with the same pressure

as before, there would not be quite so large a quantity of air as a total, for the

quantity in a 600-yard road would be, as ^600 : */800 :: 5,148 or as ^3 : 2 : :

5,148 : 5,944 cubic feet for each 600-yard airway = 5,944 x 2 = 11,888 cubic

feet, for the two.

From this it is seen that the total quantity of air produced with a given venti-

lating pressure and rubbing surface would be less in two airways of equal length,

than in two of unequal lengths, but as the power producing the ventilation is the

quantity passing multiplied by the pressure, in the case of the two airways of

equal length the power would be lessened in proportion to the reduced quantity.

This can be more strikingly shown by imagining a case of more extreme modifica-

tion. Take two airways, each of which is 400 feet long and passes 9,000 cubic

feet per minute. With a constant pressure if one of them be shortened to 100
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; feet, its rubbing surface being Jth of what is was, the volume of air then would be

9,000 x v/4 = 18 000 cubic feet. If the length of the second be increased to

I 1,600 feet, its rubbing surface being 4 times what it previously was, then the

volume of air would be 9,000 x — 4,500 cubic feet. The total volume of

air in the two airways therefore would be 18,000 + 4,500 = 22,500 cubic feet, or

an increase of 25 per cent., although the rubbing surface is increased in the pro-

portion of 17 to 8 or more than doubled, and the pressure has remained
constant, though the power has been increased in accordance with the increased

quantity.

That this is so, assume the airways to be 5 feet by 6 feet, giving a 30-foot area

kszfi
and 22 feet as the perimeter, and testing them by Atkinson’s formula p =
we have

c , r , ,
.

*26881 X (400 X 22) x *09 ... , .

tor each of the equal airways — - = 7*0966 feet of air-

column.

airway
•26881 x (100 x 22) x *36

30
= 7*0966 feet of air-for the shortened

column.

. , , , , .
-26881 X (1,600 X 22) X *0225 .. , . .

for the lengthened airway = 7*0966 feet of air-

column.
30

From this it is clear that though the resistance increases in proportion to the

length of the airway, the quantity or volume of air varies inversely as the square

root of the rubbing surface, other things being equal. For this reason, to compare
the relative quantities that would flow through a square and a circular airway

whose areas and lengths are equal, adopt the same proportion, thus if 10,000 cubic

feet passed through a 6-foot square airway, and it were altered to a circular one
of the same area and the pressure remained the same, the perimeter of the square

airway would be 24, and the perimeter of a circle whose area = 36 is 21*27.

Therefore, As ^21*27 : ^24 :: 10,000 : 10,622 ;
that is, 10,622 cubic feet would

pass through the circular airway. Again, if the square airway were altered to a

circular one of the same area, and instead of the pressure remaining constant, the

power had done so, in that case the quantity which would pass through the

circular airway would be as 3 v/2i*27 : ^^24 :: 10,000 : 10,410, as will be better

understood when later on the power necessary to circulate the air is dealt with.

Example 2.—Supposing 20,000 cubic feet of air are produced in an airway

10 feet x 6 feet = 60 feet area, how much will be produced in an airway 5 feet

x 6 feet = 30 feet area, the pressure being the same in each ?

The perimeter of the 60 feet area airway is 10 + 10 + 6 + 6 = 32 feet, and
assuming 1 ,000 feet length of airway (it is immaterial what length is taken, so

that it is the same in both airways) the rubbing surface in the 60 feet area airway

20,000
is 32 x 1,000 = 32,000 square feet, and the velocity of the air is —^— = 333*3

which expressed in thousands of feet per minute = 3. By the formula p = *

a
•26881 X 32,000 X (*V)3 C L r • 1^ = 15*9295 feet of air column.

The 30-foot airway has a perimeter 6 + 6 + 5 + 5
= 22 and the rubbing sur-

face on 1,000 feet length = 22,000.

To find the velocity in the 30-foot airway v2 = .*. v = a / and substi*
as V
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tuting the values of these letters v — af
J 5 9 2 95 x 3° — \f 477 885 _

v ’26881 x 22,000 ' 5,913*82

\/ *0808082 = *28427 in thousands of feet.*. *28427 X 1,000 = 284*27 the velocity

in feet per minute in the 30 feet area airway, and 284*27 x 30 = 8,528 cubic

feet per minute in the 30 feet area airway.

This result may be obtained in a simpler way. The one airway is just half the
j

area of the other, and if the perimeters had borne the same ratio it is plain that

| the quantity in the 6o-foot airway would flow through the 30-foot airway, that is,

10.000 cubic feet would have passed through the 30-foot airway if its perimeter 1|,

had been = 16, but as its perimeter is 22, and as (other things being equal) the
2 i

quantity varies inversely as the square root of the rubbing surface, the quantity 1

could be found thus—As 22 : \/i6 : : 10,000 : 8,528 cubic feet as before.

Now, assume that the perimeters and rubbing surfaces are the same in the
j

60 feet area airway and the 30 feet area airway, then with the same pressure proceed
}

to find what quantity would pass into the 30-foot airway, thus :—Whilst the rela-

tive areas of the two airways are in the same proportion as their rubbing sur-

faces, the quantities will also be proportionate to their areas, thus as 60 : 30
j

:: 20,000 : 10,000. But in that case the large airway’s rubbing surface would be 2,

and that of the smaller 1 ;
if it is assumed to be the same, then (other things

being equal) the quantity is inversely as the square root of the rubbing surface,

and as \Z~2~: X/~T •* 10,000
: 7,071, which is the quantity in cubic feet per !

minute the smaller airway would get if 20,000 passed into the larger, and their

perimeters and rubbing surfaces were the same.
The advantage of having large airways may be thus strikingly shown, for sup-

posing one airway of 60 feet area, 10 feet by 6 feet, passing 20,000 cubic feet

per minute as just given, and it were substituted for two airways each 5 feet by 6

feet, together representing the same area as the large one, the pressure remaining
the same, the quantity of air through the two airways would be as ^44 • ^32 •

20.000 : 17,056 cubic feet per minute; that is, the two airways would have 17,056
cubic feet per minute as compared with 20,000 cubic feet in the single airway of

equal area.

Example 3.—If an airway 7 feet by 8 passes 63,480 cubic feet of air per

minute to a point 320 yards from the downcast shaft, after which it is split into 4
airways as follow :

—

1 . 6 feet by 5 feet being 400 yards long

2. 6 feet by 6 feet „ 300 ,, „
3. 6 feet by 4 feet ,, 280 ,, ,,

4. 5 feet by 4 feet ,, 240 „ ,,

and it is required to know what current each of the four airways will pass, and
what the water-gauge will be.

In considering this question it is plain the four airways get the 63,480 cubic

feet amongst them
;

first proceed to find the relative volumes going into them, so

as to afterwards ascertain their actual quantities. The relative and actual

quantities are not affected by the length of the main aircourse leading to the

point of split. That is, that given the 63,480 cubic feet at the point of split, the

relative quantities passing into those splits will be the same whether the air has

travelled some distance before reaching the point of split, or if on the other hand
the splits lead from the bottom of the downcast shaft, so long as the total quantity

is 63,480 cubic feet as stated. All the splits will be subject to the same pressure.

The relative quantities going into airways subject to the same pressure may

be found by the formula £?» or
/\J

cl_ = E, where R = the relative volume
s V

s
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i. = the sectional area of the airway, and j the rubbing surface of the airway.

If the airways are of the same length then 0 the value of their perimeters may be

Substituted for s. Applying this formula to the splits in question,

For No. 1 airway /y/ — =1*0113 as the relative volume

1-4697 do. do.

V i6 .

4

8oo~
'

9°7115 do. do.

/
203 _ .785674.

V 12,960
do. do.

Total 4*173789 of the do.

And the actual volumes will be found by proportion thus :

—

for No. 1 airway As 4
-

173789 : 1*0113 :: 63,480 : 15,381*15 cubic ft.

„ „ 2 „ As 4*173789 : 1*4697 :: 63,480:22,352*83 „ „

„ „ 3 „ As 4*173789 : -907115 :: 63,480 : i 3 ,796 ’53 »> -

„ „ 4 „ As 4*173789 : *785674 :: 63,480 : 11,949*5 „ .,

Total 63,480*01

The accuracy of this result may be checked by Atkinson’s formula p
ksv2

P =

P =

*0217 X 26,400 x *5i272

30
•0217 X 21,600 x *6209-

*0217 X
36

16,800 x *5 7485 s

24
•0217 X i 2

, 96ox *

59747
2

= 5*0196

= 5*0196

20

showing that the same pressure satisfies all the splits.

But this pressure of 5*0196 lbs. is only part of the total, there is still to con-

sider that required to pass the whole volume through the large airway. To find

the value of p in this airway extending from the pit to the point of splitting

•0217 x 28,800 xi‘13363

76
" = 14*34 lbs. per square foot. Then 5*0194 -f 14*34

= 19*3594 lbs. per square foot as the total pressure, and the water-gauge,

according to the formula, would be
* 9*3594

5*2
= 3*72 inches.

Another method of finding the quantities that would pass along the four

splits is, by using Atkinson’s formula, v = . Assume any value say 1 for

/>, and having found the relative values of z>, the relative quantities in the airways
will be these relative velocities multiplied by the areas of the different airways,

from which the actual quantities may be obtained.

This method requires more figuring than the formula R = \J but the

student is recommended to try it and compare the result with what is here given.

Example 4.—A mine is ventilated by three splits of air A, B, C
;
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A being 500 yards long, 5 feet by 6 feet
;
B is 800 yards long and 5 feet by*

4 feet, and C is 700 yards long, 7 feet by 3 feet, all starting and rejoining at!

the same point. If the quantity in A is 35,000 cubic feet per minute, how
much will B and C, which are subject to the same pressure as A, each take ?|

For A
B
C

Rubbing Surface. Area

33,OOO 30
43,200 20
42,000 21

la6

By the formula R — a/ — the relative quantities are

A = 30°

B =

C =

j
v

33>OOQ

20s

= ’90453> the relative volume

43 ?
2QO

21 3

'43033

42,000
•46957

Total 1*80443

A’s actual quantity is

.*. B’s is as *90453 : *43033

& C’s is as *90453 : *46957

35,000

3 5>oo°

35,000 cub. ft. per min.
16,651*2 do.

18,169*7 do.

& the total quantity flowing is 69,820*9 do.

Example 5.—A mine is ventilated by 3 splits of air, A, B, C; A, taking

2,500 cubic feet per minute, B, 1,500 cubic feet per minute, and C, 2,000

cubic feet per minute, out of a total of 6,000 cubic feet, what will each split take

if the total ventilation be increased to 75,000 cubic feet per minute ?

The quantities would be in proportion thus

—

A’s quantity is As 6,000 :

: 75,000 : : 2,500 :
: 3 I

>
2 5° cubic ft. per min,

B’s „ 6,000 :
: 75,000 :: : 1,500 : 18,750 do.

C’s >> „ 6,000 :
: 75,000 :: : 2,000 : 2 5,000 do.

Total 75,000 do.

Example 6.—If the quantity passing round a mine in one current before

splitting is 10,000 cubic feet per minute where the area of the aircourse is 20
feet (5 feet by 4 feet), and the rubbing surface is 24,000 square feet, what quan-
tity will circulate when the current is split into 2, 3, 4, 5, 6, and 10 equal
divisions, the pressure remaining the same ?

The formula R = \J
~ t0 hnd relative quantities is equally applicable to

this case. First of all take the case of one current of 10,000 cubic feet before

splitting, to find the quantity that would pass into 2 equal divisions, the pressure

remaining the same.

In the first case before splitting the area is 20 feet, and rubbing surface,

24,000 square feet.

In the second case, with 2 splits, there would be an area of 40 feet,

and a rubbing surface, the same as before, 24,000. Therefore the relative

quantities are
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As V 203
; vV

2 4,000 V
40°

24,000
1 or as 20" V4c 2-8284

;

000
therefore this simple rule is obtained, that if the rubbing surface and
pressure remain unaltered the relative volumes obtained from splitting the air

will be in the proportion of ^/'a3 . Proceed now to find the relative quantities

for 3, 4, 5, 6, and 10 equal divisions thus

For 3 splits as v/20
3

: x/6o
3

: 1
: 5*19614 as the relative

4 v/20
3

: ySd3
: 1 :

8- do.

» 5 v/2c
3

: v/ioo3
: 1 : 11*18033 do.

6 ,, \/203
:

<v 0
Ml

1 : 14*6969 do.

„ 10 \/203 : v/200
3

: 1
: 31-622774 do.

If 10,000 cubic feet be the volume before splitting then

For 2 splits as 1

3 », 1

4 „ 1

5 >1 1

6 ,, 1

2-8284

5
*

1 96 1 4
8-

11-18033

14-6969
10 1

: 31-622774

4,14210,000 : 28,284, or

10,000 : 51,961*4, or 17,320-5

10,000 : 80,000 or 20,000

10,000 : 111,803-3, or 22,360*6

10,000 : 146,969 or 24,495

cub. ft. along

each split,

do.

do.

do.

do.

10,000 : 316,227-74 or 31,62-2*774 do.

The same result may be arrived at by working out Atkinson’s formula.

Example 7.—Supposing in a mine 50,000 cubic feet of air at the shaft have to

be split into 5 distinct currents of equal volume and subject to the same
pressure, that is 10,000 cubic feet are to pass along each of 5 roads of different

lengths, No. 1 being 200 yards, No. 2, 400 yards, No. 3, 600 yards, No. 4, 800
yards, and No. 5, 1,000 yards long, all having the same sectional areas and
perimeters.

It is evident that all must have regulators fixed in them except the longest.

Supposing 9 feet (or any other figure may be assumed) to represent the sectional

area of the regulator in No. 1 airway, which it is obvious must be the least in

area, proceed to find the relative areas of the others.

Using the formula R- 4‘

and letting 2 represent the value of s, then the

relative volume for No. 1 airway is \fi — 19-092 and since equal volumes
v 2

are to go into each airway, it is evident that 19-092 must be the relative volume

for each of the other airways. Now take No. 2, the rubbing surface of which is

4 and the area of the regulator a will be found thus \f — =19-092 s/a3 =
4

2 x 19-092 and a3 = 1,458 a = 11-3396, which is the area No. 2 regulator

should be if No. 1 is 9 feet. Similarly for No. 3 j\J

=

19-092 .*. a/^3 =

a/6 x 19*092 and \/

a

3 = 46*765 ;
a3 = 2,187 and 0 = 12-98, which is the area

No. 3 regulator must be if No. 1 is 9 feet. Similarly for No. 4 airway
CL—

19-092 .*. V a° = a/8 x 19-092 and V

a

3 = 54 .*. a3 = 2,916 and a = 14*2866,

which is the area of No. 4 airway regulator if No. 1 is 9 feet. Taking the last,

orNo. 5 airway, \J — = 19-092 .*. a/

a

3 = /io X 19-092 and s/a3 = 60-374 .*.

a3 — 3,645 and a = 15*39, which is the area of No. 5 regulator if No. 1 is 9 feet.

If now a represent in feet the area of the regulator in No. 1 airway, ap that of

No. 2, air
that of No. 3, alir

that of No. 4, and aWP that of No. 5, then it is plain that
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II1%
1
61

/ a}\ _v /
- < Os

|a
J

=:

1

II A / ~
V 8

\f
a
LdUi = 19*092

v IO

II II

^

O'J.JM
II 11“/I

00

tlUL = 364*5
IO

a =
%/2

11 II

-Iho

II

loo
= 364-5

Vio
a = 364*5 X \/l_

a
i

— 3 64'5 x

a,, = 364-5 x i/6

= 364‘5 X VjL
= 3^4-5 x Vi °

But as the factor 364-5 is common to them all, the relative value of a, a
t ,

&c.,
j

will not be affected if it be omitted, then this simple rule to find the areas of 1

regulators to be placed in roads of the same sectional areas and perimeters and
subject to the same pressure, but of different lengths, is obtained—that the areas

will be according to the cube root of the rubbing surfaces, or, what is the same
thing (the perimeters being equal), to the lengths.

Thus for No. 1, i/200 = 5*848 as the relative area.

,. ,, 2, ^400 — 7-368 do.

„ „ 3, i/600 = 8-434 do.

,, 4, i/800 = 9-283 do.

„ „ 5> i/i,ooo= io- do.

If, as stated, No. 1 regulator has to be 9 feet area, the areas of the others may
be found by proportion, thus :

—

As 5-848 : Q :: 7*368 : 1 1*3306 area for No. 2,

5-848 19:: 8-434 : 12-98 „ ., „ 3,

5-848 19:: 9-283 : 14*2866 ,, ,, 4,

5-848 : 9 : : io- : 15-39 » » „ 5»

which is the same result as given before. The effect of placing regulators is, of

course, to lessen the total quantity of air circulating, but there may be reasons

why it is desirable, and even necessary.

]

Example 8.—Supposing 9,000 cubic feet per minute circulate through a

regulator 30 inches x 20, and it is desired to find how much will circulate if made
30 inches by 30.

The areas would be 30 x 20 = 600 square inches, and 30 x 30 = 900
square inches, and the pressure and rubbing surface are the same in both cases.

Therefore by the formula R — \/— ,
the relative quantity is as ^/6oos

:

y s

x/gocP : : 9,000 : 16,534 ;
therefore, 16,534 cubic feet per minute would pass

with the regulator altered to 30 inches by 30, other things remaining the same.

Example 9.— If 100,000 cubic feet of air pass per minute with a 2-inch water-

gauge, and it is required to know the units of work producing the ventilation,

100,000 x 5*2 x 2 = 1,040,000 units of work.

Example 10.—If it is desired to know the units of work required to overcome

the friction in a circular air-course 6 feet in diameter and 500 yards long, with 4,807

, . f , to2 *0000000217 x 28,274-4 x 170-01

3

2

cubic feet passing per minute, /) = —— = — — =

'6272.

28-274.4

Therefore, 4,807 x -6272 = 3,015 units of work.
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Example 11.—If 20,000 cubic feet of air pass, the water-gauge being *9 inch,

land it is wanted to know what quantity will pass when the water-gauge is 2*6

./inches, remember that the quantity varies as the square root of the pressures.

•Therefore, As 9 :
^/2*6 :: 20,000 : 33,993 cubic feet.

Example 12.—If it is desired to double the quantity of the air, the ventilating

j

pressure must be increased 2 2 = 4 times.

1

Example 13.—If with a water-gauge of *i inch 20,000 cubic feet of air per

minute are obtained, and afterwards the quantity is increased to 60,000 cubic feet

per minute, and it is desired to know the height of the water-gauge, remember
that the square of the quantity of the air is proportional to the water-gauge, and
as there are 3 times the quantity passing, the gauge will be 3

2 = 9 times higher,

and 9 x *i = *9 inch as the height of water-gauge.

Example 14.—Supposing two airways (subject to the same pressure) of the

same area, passing a total quantity of 100,000 cubic feet of air per minute, the

resistances in the airways being in the proportion of 5 to 1, and it is desired to

know the quantity going along each.

By the formula R — /y/— for the one airway R = t\J
—- — U supposing a

is 1 and s also 1 ;
then for the second airway a = 1 and s = 5 R =

\/— = '447214. The sum of the two relative quantities is 1 + '447214 =
V

5

1*447214, and the actual quantities going along each airway the total of which

is 100,000, will be found by proportion, thus :

—

As 1*447214 : *447214 :: 100,000 : 30,901 cubic feet;

and as 1*447214 : i* :: 100,000 : 69,098 ,, „

Total 99,999 „

per minute, practically 100,000, the difference being due to error in neglecting

decimals.

Example 15.—The junction of the two intakes at a colliery having 3 shafts (2

downcast and one upcast), is 300 yards from the downcast in one case, and 600
yards in the other, and the distance from the junction to the upcast is 200 yards.

The area of all the airways is the same, being 6 feet by 6, and all are subject

to the same pressure. What total quantity of air will pass, and what quantity in

each airway, the water-gauge at the bottom of the upcast being 1*5 inch.

Assume that v = the velocity of the air per minute through the longer intake,

and v
t
= the velocity do. do. do. the shorter do.

_ *000000021 7 x 600 x 3 x 24 x z>
2

then p
3 6

and also p -
'00°000021 7 x 300 x 3 x 24 x v,

3 6

(1)

(2)

Therefore the right hand side of (1) = the right hand side of (2), and by
cancelling common factors 2v2 = vf, .*. 1*4142132; = vr As the areas of the

airways are equal, the velocity of the air in that part between the junction and
the upcast will be equal to the sum of the velocities in the two intakes, that is, it

will be v + 1*4142132; = 2*4142132;. As the water-gauge at the bottom of the

upcast shaft is 1*5 inch, then 5*2 x 1*5 = 7*8 lbs. per square foot as the total

pressure producing ventilation. If p represents that part of the pressure which
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Then p

is expended in overcoming the resistance met with by the air in passing through
that part of the mine between the junction and the upcast

;

•0000000217 x 200 x 3 x 24 x (2'4i42i3z;)2—

•

The pressure for each of the intakes from the downcast to the point of junction
will be 7*8 — p. Applying this to the longest intake, thus :

—

•0000000217 x 600 x 3 x 24 x z>
2

'

7'8 - p = 36

and therefore

•0000000217 x 200 x 3 x 24 x (2*414213 A) 2

p - 36
7'8 — p "0000000217 x 600 x 3 x 24 x v1

Cancel the common factors thus :

—

A _ 2
-

4 I 42 I 3
2 _

7*8 - p 3

1*9428

P - I 5 ’i 5387
- 1-9428/

2-9428 p = 1

5

’

1 53 ^ 7 *

p
—

5*1495, and the pressure in each of the two
intakes is 7*8 — 5*1495 = 2*6505.

To find the velocity of air between the junction and the upcast, v = 1

fj^^5'

1

49 5 x 36
~

770*23 as the velocity in feet per minute,
•0000000217 x 200 x 3 x 24

and therefore the total volume passing is 770*23 x 36 = 27,728*28 cubic feet.

2*6505 x 36To find the velocity in the longer intake, v —
/\J ‘0000000217 x 600 x 3 x 24

= 3i9’04, and therefore the volume passing through the longer intake is

319*04 x 36 = 11, 485’44 cubic feet.

Similarly for the shorter airway, v = _
2*6505 X 36

45 :

•OOOOOOO217 X 300 X 3 x 24
and therefore the volume passing through the shorter intake is 451*2 x 36 =
16,243*2 cubic feet. The accuracy of these quantities is shown by adding
together the intake volumes to the point of junction, and observing that they

agree with the total thus, 11,485*44 -f 16,243*2 = 27,728*64
;
and further by

multiplying the quantity 11,485*44 in the long airway by 1*414213, when, as

a result, 16,243 cubic feet per minute is obtained as the volume for the shorter

intake airway.

Example 16.—An aircourse is 8,000 feet long, 5 feet by 5 feet, and the

quantity of air circulating is 6,250 cubic feet per minute in a district where 90
miners work

;
it is desired to convey 250 cubic feet per minute to each miner,

and in order to do so, state what size the aircourse must be made, the ventilating

pressure remaining the same.
Here there are 6,250 cubic feet per minute in an airway 8,000 feet long, its

section being 5 feet by 5, and it is necessary to enlarge the area of the same
length of airway to pass 250 X 90 = 22,500 cubic feet per minute with the same
pressure.

In this case the relative quantities passing in two airways are given, the

dimensions of one being stated, and the other has to be ascertained. By the

formula R = A/—

>

and using the value of 0 instead of s the relative
v

.r

volume going into the 5-foot airway is = 27*95, anc^ therefore if a — the
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a yea of the required airway, and 0 its perimeter then /y/i
3 22,500

27*95 X =
‘ y:) 6,250

i\j ' 9 5 x 3*6 = 100-62 as the relative volume for the altered airway.

'< The difficulty now is that the value of 0 is not known, but assume the airway

tjo be square, then the value of 0 will be 4 ^ a or ^16#. Therefore

\/ \/ 16 a
— R, where R represents the relative quantity.

*/ 16
= R 2 = R 3 x yi6«and^ 3 =y I 6 rt R4;«6 =I 6^R4

,7
5 = 16 R 4

,
and therefore a = \/i6 R 4

.

Substituting the value of R, which in thi s case for the altered airway was found

1|;o be 100-62, then a = V 16 x 100-62 4
,
and therefore (by using logarithms)

la = 69*659. a/69*659 = 8*346, or 8 feet 4*152 inches by 8 feet 4*152 inches

ias the size of the square airway necessary.

The result shows that it would be much easier to split the air than to attempt

to carry it in one aircourse of the unusual size of 8 feet 4 inches square.

If instead of a square airway it had been desirable in the above example to

have a circular one, then if a represented its area, its perimeter would be

3*545 In that case to find the area required proceed thus Jsj
3*545 a

R;
\/ 12*567 a

= R 2 ;a 3 = R 2 x y/ 12*567 a; a 8 = y/ 12*567 a K 4
;
a 6 =

12*567 a R = 12* 567 R 4
;
a = ^1 2*567 R 4

;
and substituting the value

of R as before, a — Vi.2’56 7 x 100*62 4 and therefore a = 66*375, and the

9*193 feet.diameter of the airway would be \f — 3 75
V *7854

Again, if it had been desirable to have a rectangular road instead of a square
or circular one, either the height or the width should be stated, probably the

height of the seam would be known and given.

In the example being considered, if the height of the seam is 6 feet, proceed
to find the width and area of the rectangular road thus :

—

li x = its width in feet. Then 6 jtr = its area and 12 + 2 x = its perimeter.

(6 x)*
Then a/J6 *) 3 -

2 + 2 X
= R : and ,

’ 12 + 2 x
12 R 2 + 2 R 2 j

216

= R 2
• (6*) 3 f 12 R 2 + 2 R 2 *.

and substituting the known value of R

„ 3 _ 12 (IOO-62) 2 + 2 (100-62 2
) X . „ 8 _ 121,500 + 20,250-r _

216 216 yo / j

562*5 ;
x 3 — 93*75 * - 562*5 = o.

Here is a cubic equation, and therefore proceed to find the value of a: by the
following trigonometrical formula.

x 3 — px — Q = o

« =
3 Q v

3

sin.

tan. B = V tan. £ a .
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Substituting the values of p and Q in the formula

sin. a — x 2 x \f 9A21
1,687*5 V

3

a = 3 8
°
24

'

and \ a — I9°I2'

tan. B = ^Tan. I9°i2'

Log. tan. I9°i2' = 9-541875
Less 10

which divided by 3 to cube root )i *541875

1-847292

add 10

9-847292

= Log. tan. of 35°8'

2 B = 7o
°
i 6'

J 9375
2 V

3

sin. 7o°i6'

x = 1 1*88

:

i

n‘88 feet then is the width of the rectangular airway, and 6 x 1 1 *88 = 71*28

square feet of sectional as compared with 69-659, the area of the square airway

and 66*375 the area of the circular airway.

If the water-gauge in the above instance is required,thenp— Q2I 7 X 1 60,000 x 2 5

2 5
8*68= 8*68 lbs. per square foot pressure and—— = 1-67 inch as the water-gauge.
5

*

2

Observing now somewhat closely the examples just worked out, it is seen that

to increase the quantity from 6,250 cubic feet per minute to 22,500 cubic feet per

minute the airway must be increased from 5 feet square to one of 8*346 feet

square, the pressure and length of airway remaining constant.

It may now be shown that the simplest way of finding the desired side of

square for the altered airway is by taking the fth root of the ratio of the quan-

tities of air and multiplying this result by the side of the known airway, thus

in the present example ^
2

> 5 QC)^¥ x 5 = 1-66925 x 5
= 8*34625 feet as the

side of the square forming the altered airway, being the same result as already

proved.

For circular airways this rule holds good also, applied to the diameters of the

airways in the same way as applied to the side of a square airway. That this is

true may be seen by another example.

Example 17.—If 8,000 cubic feet of air pass through a circular airway whose
diameter is 5 feet, the length being 10,000 feet, and the quantity has to be increased

to 20,000 cubic feet per minute by enlarging the airway in circular form, the

pressure remaining the same, proceed thus :

—

20 OOO
The ratio of the altered quantity to the old quantity would be —- = 2*5^ J n ' 8,000
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amd ^2*5^
5 = 1*4427; 1*4427 x 5 = 7*2135, which is the diameter in feet

tljiat the altered airway should be. That this is so, can be shown by proving the

v alue of p in each case, and it will be found to agree, thus :

—

IBefore enlarging p =
•°oo0°°°2, 7 x 157,080 x 4Q7~432

= a8 .8l ,bg
.
per sq . ft.

>9'°35
/ 20,000 y

After enlar^ine
'0000000217 x 7^135 x 3'i 4 i59 x io,ooox U-2i35 2 x 7854J

8
7' 2I 35

2 x 78 5 4
:.= 28*8l lbS.

Referring to Example 16, the rule there given also holds good for rectangular

airways applied to the height and to the width of the airways, that is, the -fth root

<pf the ratio of increased or decreased quantity must be multiplied by the height

»pf the original airway to give the height of the altered airway, and by the width

of the original airway to give the width of the altered airway.

That this is true, also may be proved by means of the following example.

Example 18.—An airway 5,000 feet long, 5 feet high, and 7 feet wide, passes

10,000

cubic feet of air per minute, and it is desired to enlarge the airway in the

same rectangular form to pass 30,000 cubic feet of air per minute, the pressure

remaining the same.

Here the ratio of increased quantity to the original would be 30,00Q = ? and
10,000

0

^ 3^
t= 1*55184. The height of the altered airway, therefore, must be 1*55184 x

5 = 7*7592 feet, and the width 1*55184 x 7 = 10*86288, so that the altered air-

way must be 10*86288 feet wide and 7*7592 feet high. Again prove the accuracy

of this by testing the value of p in each case, thus :

—

Before enlarging p = 2 ^-= 6*073 lbs. per sq. ft.

After enlarging p =
•QOQ°°°o 2 i7 x 186,220-8 x 355-92^ dQ _

Example 19.—Suppose an airway as in the last example 5,000 feet long, 5 feet

high, and 7 feet wide, passing 10,000 cubic feet per minute, and it is desired to

enlarge the airway in a circular form to pass 30,000 cubic feet of air per minute,

the pressure remaining the same.

Using the value of 0 for the 5 feet by 7 feet airway R = \J = 42*2665, and
24

if a = the area of the required airway and 0 its perimeter, then a/?-
42*2665 x S0^000 = 42*2665 x 3 = 126*7995 as the relative volume for the

10,000

altered airway. Therefore, as in Example 16, a — %/ 12*567 R4 and substituting

the value of R for the altered airway a = V 12*567 x 1267995 4 = 79*862 feet

;

its diameter therefore is A/ 79 = 10*0838 feet, and its perimeter 10*0838
v *7°54

x 3*14159 = 31*679 feet. If the value of p be now worked out for this airway

according to the formula p = it will be found as in the last example for

a rectangular road to be 6*073 lbs. per square foot.

C.M.H. B B
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Example 20.—Supposing a 5-foot square airway with the conditions given i|

Example 16, of 6,250 cubic feet of air passing along it, and this quantity is to bll

increased to 22,500 cubic feet per minute with the same pressure along the samje

length of road, but finding it not practicable to use a road of 8*34625 feet

square, it is decided to make an additional road or roads of the height of th<i

seam, viz., 5 feet.

The old airway would continue passing its quantity of 6,250 cubic feet per
minute, so that the additional road or roads must pass 22,500 — 6,250 = 16,250
cubic feet per minute.

Here it is evident that it would be better to use two additional roads to provide )

for the 16,250 cubic feet as the height is stated to be 5 feet. Adopting this plan

1 ,2 5

_

J

— 8,125 cubic feet per minute along each of the extraof passing

roads, proceed to find the value of a side forming a square airway to pass 8,125'

cubic feet thus . (
8,125V

’ V6,25oy

The value of R for
12510 + 2X

the rectangular road is 27*95 X ~ ,I2 5 = 36*335, and substituting it in the

above* *3= iq (3 6
‘

335)
2 + 2 (3 6

‘

335
2)*

. ^3 _ 13*203 ± 2,640-6.*
^3 =

I2 5
’ "

125
2 I

’

I 2 $X +105*624, Xs — 21*125.*; — 105*624 = o.

Proceed to find the value of ^ [in this cubic equation by the trigonometrical
formula given in Example 16.

v :Thus sin. a
21*125

a —
a

316*872

20° 44'

IO° 22

X 2 X 2I*I25

tan. B V tan. iow 22'

Log. tan. io° 22' = 9*262292
10Less

Divide by 3 to cube root ) 1*262292

Add
1*754097

10

= Log. tan. of 29°

2 B = 29°

9754097
34

34

x =

X 2_= 59

15

3

8
'

sin. 59
0

8'

= 6*182, which is the width of the road

I

5 = 1*11065 as the side of square if that of the!;

150/

original airway is 1, and therefore 1*11065 X 5 = 5*55325 as the side of

the square to pass 8,125 cubic feet, and its area would be 30*8385, and perimeter*

22*213.

If, however, the height is to be restricted to 5 feet, the 5
*5 53 2 5-foot square;

airways will not be available, and, in that case, proceed as in Example 1 6 to!

find the size of a rectangular airway. There the value of R for the 5 -foot

airway is 27*95. Then if x — the width in feet of the rectangular road to

pass 8,125 cubic feet per minute when subject to the same pressure as the

5 feet square airway
;

$x = its area and 10 + 2x = its perimeter.

Therefore aJ-
^ - IoRi + z R2^

required in feet.
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So that the quantity may be increased as desired by substituting a square road

'34625 high for the original road as shown in Example 16, or by the use of

wo additional roads as well as the old one, each of which may bo either 5*55325
eet square or 5 feet high by 6' 182 feet wide.

Example 21.—Referring to Example 3 in which is given and worked out a

Question of an airway 7 feet by 8 passing 63,480 cubic feet of air per minute,

tiio a point from which it is split into 4 airways, No. 1 being 6 feet by 5 feet and

400 yards long
;
No. 2, 6 feet square 300 yards long

;
No. 3, 6 feet by 4 feet,

:|z8o yards long; No. 4, 5 feet by 4 feet 240 yards long, and in which the quanti-

ties were shown to be as follow: No. 1, 15,381*15 cubic feet; No. 2, 22,352*83

cubic feet; No. 3, 13,796*53 cubic feet; No. 4, 11,949*5 cubic feet; now if

iit be desirable to ascertain the sectional area necessary to pass an equal quantity

along each, proceed to find the size as follows.

A total quantity of 63,480 cubic feet divided amongst 4, means ^>480 _
4

15,870 cubic feet along each. Dealing with No. 1, it is desired to substitute a

road for one 6 feet by 5 which now passes 15,381*15 cubic feet. Therefore

i 5 >87° _ x*oi 26 as the ratio of the height and width to those of the originalf
15,870 y _

^15,381*1575 » 3 ^ 1 * 1 5

airway, if the height and width of the latter is represented by 1. Therefore,

1*0126 x 6 = 6*0756 and 1*0126 x 5 = 5*063. Therefore, for the same length

of No. 1 airway as before it must be 6*0756 feet by 5*054.

Dealing next with No. 2, the quantity of which must be decreased from

22,352*83 to 15,870. Here = and '87196 x 6 = 5*23176

For No. 3, ( -
1
.?’

8??_y =
Vi3,7q6-sV

0576 and 1*0576 multiplied by 6

the dimensions in feet of

as the side of the square

.352%
airway for No. 2.

and 4*2304

No. 4

. 796
'

53 -

and 4 respectively give 6*3465
the altered No. 3 roadway. For

15 Y5 = 1*1202 and this number multiplied by 5 and 4 gives
V 11,949*5 /

5*601 and 4*4808 respectively as the dimensions in feet of No. 4 altered airway.

If tested the value of p according to Atkinson’s formula will be found equal to

5*0196 lbs. per square foot in each case of altered road, the same as given before

in Example 3 for the original roadways. Or, if tested by the formula

R = a f
a
l_ or a / ,

or since in cases where R must be the same in each
V j V

on account of roads passing equal quantities the result will not be affected if

the sign of the square root be removed and then,

30'7i
For No. 1 R =

R =

R =

R

V26,685*12

2 7'37

v718,834*336
26*844

V 17,767*68
2 5'°97

v/ ! 4 , 5 I 7
*

79 2

1*028

1*028

= 1*028

= 1*028

Example 22 .•—If two square airways each 14 feet area and therefore neces-
sarily having the same perimeters, but one of them is 800 and the other 400
yards long, both subject to the same pressure; and if the total quantity in both

b b 2
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airways is 10,000 cubic feet per minute and it is desired to know the quantit

passing in each, and also what the area of the short airway should be so that eacil i

maypassan equal quantity proceed first as in Example 1. The relative quantitie s

passing into the two airways is as \/ 2 : */

1

or as 1*4142 : 1. The sum of thes< i

relative quantities is 2*4142, and therefore the actual quantities passing are

For the 800-yard airway as 2*4142 : 1 : : 10,000 : 4,142 cub. ft.

„ 400 do. 2*4142 : 1*4142 : : 10,000
: 5,858 cub. ft.

Next, if each airway is to have an equal quantity passing through it with th^ \

same pressure, proceed by the formula R = but as the quantities

in the two airways are to be equal, the result is not affected if the square rood
sign be omitted. For the 14 feet area airway, which is 400 yards long'

R = 1
4°

= *1527845. If a = the area of the square airway 800 yards oi*
17,960

2,400 feet long, which, being subject to the same pressure as the 14 feet area one,'

is to pass a similar quantity of 5,858 cubic feet per minute, then its perimeter isf

represented by \Va or a/ 16a.

527845 and #3 = 366*68is

2,400 -v/16a

The value of R therefore for the proposed airway!

a/i6a; ,3 — V2,151,300 a

ap =2,151,300#; a 5 = 2,151,300 and a = 18*473 which is the area the longer air-

way must be made if the shorter one is to remain 14 feet area and subject to the

same pressure, or, if the long one is to remain 14 feet, then the shorter one would
be

As 18*473 : 14 : : 14 : io*6i feet area.

A square airway io*6i feet area 400 yards long, and a square airway 14 feet

area 800 yards long, both subjected to the same pressure, would always pass

equal quantities of air, whether the pressure was increased or decreased, as would
also a square airway 14 feet area 400 yards long and a square airway 18*473 feet

area 800 yards long under the same circumstances.

If the pressure per square foot was maintained, the quantity passing in each
airway would be 4,142 cubic feet per minute or a total of 8,284 cubic feet per
minute, as a result of reducing the short airway from 14 to io*6i feet area so that

the quantity of air circulating would thus be reduced 10,000 — 8,284= 1,716 cubic
feet per minute. On the other hand as a result of enlarging the longer airway to

1 8*473 feet area
>
there would be 5,858 cubic feet passing in each airway if the

pressure per square foot is maintained, or a total of 11,716 cubic feet for the two
airways, showing in that case an increase of 11,716 — 10,000 = 1,716 cubic feet.

If it were desirable to have the same total quantity passing as before with the

same pressure per square foot, then in that case observe that the areas of both
airways must be altered. They would then pass 5,000 cubic feet each and
the question to solve becomes; if a 14 feet area square airway 400 yards long
passes 5,828 cubic feet per minute, what must its area be to pass 5,000 cubic feet

if the pressure remain constant? The side of a 14 feet area square airway is

\/i4 = 3*74166, and therefore the value of the side of the altered airway would

x 3*741:66 = 3*512 and its area S’S
122= I2 ‘334 which is the area

k5>°5°'
of the 400-yard airway

;
and similarly for the longer airway the question would

become; if a 14 feet area square airway 800 yards long passes 4,142 cubic
feet per minute, what must its area be to pass 5,000 cubic feet per minute
with the same pressure ?

Here
(
^000V x 3*74166 = 4*0343 and 4*03432 = 16*2755 as the area of

\4,I42/
the 800-yard airway.
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i

A check on the accuracy of these figures is given by proportion thus
;
As

i'j 8*473 : 1 6*275 5 •
’ l 4 • 12*334, showing that the relative proportions hold

grood for any quantities of air.

1 The questions bearing upon ventilation arising from different pressures have
Ipeen considered

;
and it will now be well to give examples on the power pro-

ducing ventilation. The student must remember that power and pressure are

'(different things
;

pressure being the force per square foot producing the venti-

lation, while power (often expressed by u
)

is the quantity passing multiplied by
the pressure.

! The quantity of air passing is according to the cube root of the power applied,

;jind the power necessary to produce ventilation as the cube of the quantity.

Example 23.—If 50,000 cubic feet of air circulate in a mine and it is to be
trebled, or the quantity is to be increased to 150,000 cubic feet by increasing the

power, the circumstances of the mine remaining unaltered, then the power must
(be increased 3

s or 27 times to attain that object.

Example 24.—If 20,000 cubic feet circulate by the expenditure of 64,000 units

of work, and the units of work be increased to 343,000 the quantity which would
then pass will be found thus :

—

As 4/64,000 : 4/343,000 : : 20,000 : 35,000 cubic feet.

Example 25.—It may be desirable to know the quantity which will circulate by
the combined working of a furnace and a fan, or other means when the quantity

obtained by each separately is known. Thus, if a mine circulates 20,000 cubic

feet of air per minute by the furnace alone, and 30,000 cubic feet by the fan

alone, proceed to find the quantity of air that will pass when the two act together

as follows :

—

As already said, the power required to ventilate a given mine varies as the cube
of the quantity. If, therefore, a mine circulated 20,000 cubic feet of air per minute
and 1 represent the power used, then when 30,000 cubic feet are circulated,

whether by fan or other means, the power will be, As 20,000s
: 30,000s

: : 1
: 3*375,

or it may be put = *b and^i = 3*375. Therefore, it requires 3*375

times more power to circulate 30,000 cubic feet than 20,000 cubic feet. The
combined powers would be then 3*375 j-f- 1 = 4*375, and as the quantity

varies as the cube root of the powers, then for both furnace and fan

As Vi : 4/4*375 : : 20,000 : 32,710 cubic feet, which is the quantity circulating

when the furnace and fan act together.

Example 26.—If two circular airways are each 1,000 yards long, but one of

them is 4 feet in diameter, and the other 6, and it is required to know the relative

powers for circulating a given quantity through each, say 10,000 cubic feet per

minute.

If u represents the power and q the quantity in cubic feet per minute, then
7 2

u = JE11 because u = q x p and the value of u for the 4-foot diameter airway is

a
/ 10,000 y

_ *0000000217 x 1,000x3 x 4 x 3*14159 x \42 x *7854/ x 10,000
u

4
2 x 7854

4 ’ 5

units of work, and for the 6-foot diameter airway,

/ 10,000 \a

— *0000000217 x 1,000x3 x 6 x 3*14159 x y62 x 78547 x 10,000 _ 2 ggu ~
6 J x *7854

~~ 5 ’

units of work.
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If these units of work be taken and the proportion between them ascertained

thus, As 54,288 : 412,250 : : 1 : 7*593, observe that the same proportion exist*

between the 5th power of the larger airway’s diameter and the 5th power of the

smaller airway’s diameter, thus, As 4
5

: 6 5 :: 1 : 7*593, therefore ^ 12 >
2 5° _

54,288 ;

65 /6Y
7

01
{;) = 7

'

593
-

;

From this is obtained the following rule. For circular airways of equal lengths!

to pass equal quantities of air, the relative powers applied to them must be in'

inverse proportion to the fifth power of their diameters
;
thus to pass an equal quantity!

, . 65 /6v
through a 4-foot diameter and a 6-foot diameter airway it requires

j =j
i'5 5 = 7*593 times the power for the 4-foot diameter than for the 6-foot dia-

meter airway. For a 6-foot and an 18-foot diameter airway it would take

= 3
5 = 243 times the power to pass the same quantity in the 6-foot as inf

the 18-foot diameter airway.

Example 27.—To find the value of p in the preceding example of a 4-foot and

a 6-foot diameter airway, proceed thus, p = - that is :

—

<b

_ . 412,250
For the 4-foot diameter airway p —

and do. P =

10,000

^4*288

10,000

= 41*225 lbs.

= 5*4288 lbs.

Example 28.—To ascertain the quantity that would pass in the 6-foot airway

with the expenditure of the same power as in the 4-foot airway
;

As ^54,288 : 4/412,250 : : 10,000 : 19,655 cubic feet, or the quantity which
will pass in circular airways with the same power is in inverse proportion to the

cube root of the relative power, for taking the cube root of the relative power in

Example 26, and multiplying it by the quantity there stated to be passing, thus

4/7*593 x io>oo° = 1 9>^5 5 cubic feet, which agrees with the quantity ascertained

in the present example.

Example 29.—Again, if the pressure per square foot of 41*225 lbs. applied in

the 4-foot diameter airway were applied to the 6-foot diameter airway, then

v = afP^L = \f 4 1 22 5 X
_.^_..

X 7854 __ 974
* 62

,
and

v ks v *0000000217 x 1,000x3 x & x 3* 1 4 1 59
y

therefore the quantity passing is 974*62 x 62 x *7854 = 27,55 7 cubic feet, or the

quantity passing may be found thus
;
since the quantity varies as the square root

of the pressures; as V5*4288 : ^41*225 : : 10,000 : 27, 557 cubic feet. It is now
shown that the quantity which will pass with a constant pressure is in inverse pro-

portion to the square root of the relative power, for v7
7*593 X 10,000 = 27,557

cubic feet as before given.

Example 30.—That the same rules given in Examples 26, 28, and 29, for

circular airways hold good for square airways may be proved by taking the air-

way given in Example 16 of 5 feet by 5, 8,000 feet long, and passing 6,250

cubic feet per minute. The value of p for this has been shown to be 8*68 lbs. in

Example 16. Take a square airway 10 feet by 10, 8,000 feet long, and passing

6,250 cubic feet per minute, and the pressure p —_
*0000000217 x 320,000 x 62*

5

2

100
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•jj'7125 and ~ = 3 2 as the ratio between the pressures of the two airways.

Mow take the sides of the two square airways; divide one into the other and
t; ike the 5th power of the remainder

;
in other words take the 5th power of the

r atio between the two lengths of sides forming the airways and the result is 32,
io5

TiT
t hus or

(f)‘-
3 2<

Therefore the rule to find the relative powers for square airways of equal length
t

(

o pass equal quantities of air is to remember that they are in inverse proportion

tjo the fifth power of their sides. Thus to pass an equal quantity through a 5-foot

Sjquare and a io-foot square airway it requires = 3 2 times the power.

Example 31.—Again, it may be shown that the same rules apply equally to

irectangular airways, for take a road 4 feet high by 6 feet wide, 1,000 feet long, and

passing 5,000 cubic feet of air per minute. Here p = - A.
2 4

= *7846. Now find the value of p for a rectangular road 8 feet high by 12

feet wide to pass the same quantity along the same length of road.

p = —

~

±- 2. = *02452 and the ratio between the pressures
96

in the two cases is =32. But take either the heights or widths of the two
•02452

J 0

roads and find the ratio between them by dividing one into the other and then

take the 5th power of the remainder and the result is 32, thus

It is true that in using the rule for rectangular roads the form of the altered

roadway must be similar to the original one, or in other words the rule is not

applicable unless the proportion of the width to the height is the same in the

altered airway as that prevailing in the original one. Bearing this in mind
the relative powers for rectangular airways of similar form and of equal length

may be found to pass equal quantities of air by taking the proportion of the fifth

power of either the two widths or the two heights of the roads.

Example 32.—If a mine be ventilated by one air current, and with a given

power there are obtained 10,000 cubic feet through it, the quantities that would
pass if the air be divided into 2, 3, 4, 5 or 10 equal splits, the power remaining

the same would be in direct proportion to the area. That is with 2 splits there

would be 20,000, with 3 splits 30,000, with 4 splits 40,000, with 5 splits 50,000,

and with 10 splits 100,000 cubic feet. This is apparent when the rule to find the

quantity that will pass along airways when the power u is given is observed

closely. It is, q — \f x a. In the case of the 2 splits, 3 splits, &c. the
v ks

values of u, k, and s, are equal in each case, and only a would vary. It will be
seen that this is a very different result from that obtained by splitting the air into a

number of currents when the pressure remains the same as worked out in

Example 6.

Example 33.

a, ( <1 \

From the formula q a is deduced u = ks X
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= \/
U

ks
X a

u

ks

u

X<z3

or to3
.

Example 34.—The rule to find the horse-power producing the ventilation is to

divide the units of work by 33,000. If the quantity of air passing in a mine ia

50,000 cubic feet per minute, with a 1’5-inch water-gauge, the horse-power pro-i-

ducing the ventilation will be found thus :

—

5
0,QQ0 x 1 5 x 5 2 = ir g 2 horse j

3 3,ooo
power.

j

E

xample 35.—If 20,000 cubic feet of air pass in a circular airway of 12 feet

diameter, what quantity will pass in one of 6 feet diameter ?

%/i : : 20,000 or ^°°2 = 6,300 cubic feet per minute.As
V32

Example 36.—If a furnace and steam jet combined produce 50,000 cubic feet

of air per minute, and the furnace alone 44,000 cubic feet and it is required to

know what the steam jet alone would produce, set down the power of the furnace

which alone produces 44,000 cubic feet per minute at 1, then the power of the

furnace and steam jet combined will be in the ratio to the power of the furnace

as 44,000 3
: 50,000 3

: : 1 : 1 *46741 or f
-5
0,000

)
= r46741 : 1, therefore the

\ 44,000/
power of the steam jet is ’46741. To find the quantity the steam jet alone will

produce if a power of 1 produces 44,000 cubic feet proceed thus—As Vi :

V ’46741 : : 44,000 : 34,147, or say if a power of 1-46741 produces 50,000,

what will the power of *46741 produce, thus—As ^1-46741 : ^4674 1 : : 50,000

: 34,147, which is the quantity in cubic feet per minute the steam jet alone will

produce.

Example 37.—If by applying 50,000 units of work 40,000 cubic feet of air are

produced, and it is desired to know how many units will be required to circulate

75,000 cubic feet, then as 40,ooo3
: 75,000s

: : 50,000 : 329,590.
Examples have already been worked out showing how the area of an air-

course alters to pass different quantities of air with the same pressure, and in

these examples the power must vary directly with the increased or decreased

quantity.

Example 38.—Take for instance that of an aircourse 8,000 feet long, 5 feet by 5,

passing 6,250 cubic feet per minute, and it is proposed to enlarge the area so

as to pass 22,500 cubic feet per minute, the pressure remaining the same, which

is once more using the figures of Exaviple 16. The power a would be in-

creased
2 2

’ = r6 times. That this is so must be evident because u = px a.

6,250
*

In the first case the power would be 8*68 x 6,250 and in the second 8’68 x 22,500.

Also take the formula q = a/~ x a to find the quantities in each case, and
v ks
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In the first, q — \/ —^-X -
^,2 5Q _ x 25 =6,250 cubic feet.

> •nnnnnnnit'7 v inn nnn

In the second>i= V.

•0000000217 x 160,000

8*68 x 22,500 x 71*28 = 22,500 cubic feet.
*0000000217 x 286,080

If required to increase the quantity from 6,250 cubic feet per minute without

altering the 5 feet by 5 feet airway the power must be increased thus :

—

As 6, 250s 22,500s
: : 1 or

^
= 46*656 times.

1 In other words, if the quantity were increased by enlarging the airway as in-

dicated from a 25-foot area one to a 6-foot by n*88 or 7i*28-foot area

one, then by the consumption of 3*6 times the amount of coals previously

Consumed there would be an increase in the quantity of air from 6,250 cubic feet

per minute to 22,500 cubic feet per minute
;
but had it been attempted to increase

the quantity of air to the same extent while the airway remained the same the

increased consumption of coal would be 46*656 times.

If the airway had been altered from 5 feet by 5 to 6 feet by 1 1 *88, and it

became desirable to have the original quantity of 6,250 cubic feet per minute

through the altered airway, the consumption of coals necessary to pass this quantity

will be found as follows :

The value of p in the original aircourse has been shown to be 8*68 lbs. For

the altered aircourse it would be p =
0000

.

0002 7 x 286,080 x 87*682 _ -66954
71*28

lb. and since «=/> x q ,
in each case it would be 8*68 x 6,250 and *66954 x 6,250.

The quantity 6,250 being common to both, the value of u is in direct proportion
8*68

to p .*. ~~p~7 = 12*964 times less coal required with the enlarged airway to pass
•00954

the same quantity of air.

Again, by allowing the power to remain the same after the alteration in

the airway from 5 feet square to 6 feet by n* 88, then the quantity passing

along the enlarged airway will be found thus : for the original airway

(
54,250, andu=ks

(i)
S

’

applying q

and therefore *0000000217 x 160,000 x

A / JL. x a to the altered airway a / _
* b c V v

54750
ks ' v *0000000217 x 286,080

71*28 = 14,682 cubic feet per minute, and the velocity would be =205*977
71*28

for the altered airway is =feet per minute, and in

•0000000217 x 286,080 x 205*9772 _
71*28

— 3 95

that case the value of p
lbs. as compared with 8*68 lbs.

pressure for the original airway to pass 6,250 cubic feet per minute.

It must be borne in mind that the examples which have been worked out refer

entirely to the overcoming of frictional resistances, because for simplicity the

pressure necessary for velocity need not be considered—it is so little. The velocity

of air without resistance is the same that a body would attain in falling the height

of the motive column, so that if there is a difference of pressure equal to 36 feet

of air column, the theoretical velocity of the air would be 8 v/M, where M =
motive column in feet or 8 = equal 48 feet per second, because a falling body
under the force of gravity would attain a velocity of 8 times the square root of

36 or 48 feet. The co-efficient of friction *0000217 lb. per square foot of area
of section is applicable only to the underground roadways. That for the shafts

of different forms has not been definitely fixed by experiment. It is usual, how-
ever, to take *00001 lb. per square foot for circular shafts, where the smooth
surface gives little impediment to the passage of air.



378 FRICTION OF AIR IN MINES.

As a further assistance questions with answers are now submitted and worked l

out, bearing on the subject of ventilation.

Question 82.—There are 6,000 cubic feet of air passing, what power will be

required to pass 12,000 cubic feet, the airway remaining in the same state ?

The velocity of the air will be doubled, necessitating four times the pressure on
each square foot of area because the friction varies as the square of the velocity,

j

Also this increased pressure per square foot has to be sustained at a double
velocity, hence the power varies as the cube of the quantity. In this case the double
quantity will require 2 3 = 8 times the power.

Question 83.—A certain number of shots have to be fired in a mine, how
should a fireman be instructed to proceed ? What other duties has he to

attend to ?

I!

In such cases a fireman should fire the shots in succession, beginning at the

return side and travelling in the direction contrary to that of the current, so that

any fire-damp liberated by a shot may not be exploded by the firing of a

succeeding shot. His duties are to keep the airways free from all obstructions
j

that would impede the circulation of the air. Further he should see that the

regulators are in good condition, properly adjusted and locked
;
that all doors

in use are made to fall to or close themselves without leakage of air, and that

those not in use are taken off their hinges; that the roof and sides of the

airways are safely timbered or walled up
;
that all projecting or loose stones are

removed or timbered, so that the road maybe safe to travel in; that all stoppings,

air-crossings and brattices are in good order and do not allow the air to escape

;

he should examine all cavities in the roof and open spaces in the goaves for gas,

and if gas be present adopt means to remove it. If there are any special features

in the Colliery, such as gob fires, blowers of gas, &c., the fireman should receive

special instructions concerning them.

Question 84.—The total quantity of air passing over a furnace is

200,000 cubic feet per minute, burning 5 tons of coal per 12 hours, how
much increase of air would be obtained by adding 5 more tons of

coal for the 1 2 hours to the furnace ?

The power increases in the same ratio as the coals burned are increased,

which in this case is as 1 : 2, and as the quantity of air increases in direct

proportion to the cube root of the powers, then as Vi : V

2

:: 200,000, or

as 1 : 1*25992 :: 200,000 : 251,984, which is the quantity circulating after

the power is added to, therefore the net increase is 251,984 — 200,000 = 51,984
cubic feet.

Question 85.—A regulator is placed in the return airway of a district

and a blower of gas is discovered in that return airway which comes
against the air through the regulator. It is impossible to add more
air to that district, how then must the gas be prevented from finding its

way into the district ?

Under such unusual circumstances, reduce the area of the regulator until the

velocity of the air is sufficient to resist the pressure of the gas, and as this act by
itself will reduce the quantity of air in that district, if practicable enlarge the air-

way or provide an additional one on the outbye side of the blower. If this does

not meet the case, additional aircourses must be devised.
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I
Question 86.—If one ventilating fan produces 25,000 cubic feet of air per

I

minute what total quantity of air will be given if another fan of the same

j

dimensions be added to it and worked with an equal power ?

1 As Vi : V2 :: 25,000, or as 1 : 1*25992 :: 25,000 : 31,498 cubic feet per

rhinute.

j

Question 87.—What is the general efficiency of fans ? If the horse-power

of an engine is 40, and the water-gauge is 1*5 inch, what quantity of air

j

would you expect to get ?

The general result obtained from a fan is about 50 per cent, of the indicated

horse-power of the engine, realised in useful work done on the air. With an

Engine of 40 indicated horse-power the horse-power in the air therefore would
be as 100 : 50 :: 40 : 20, and as the rule is; horse-power in the air =
Quantity in cubic feet per minute x water-gauge x 5*2

. uantit
"33,000

qUa 17 ~
H. P x 33,000 . 20 x 33,ooo_

water-gauge x 5*2 ”
15 x 5*2

per minute we may expect to get.

84,615, which is the quantity in cubic feet

Question 88.—The temperature in the downcast is 50° F., that in the upcast

is ioo° F. What would be the increase in the velocity of the air by
doubling the depth of the pits, the temperature remaining the same ?

The power of a furnace consists in the difference it can produce between the

pressures per square foot at the bottom of the two shafts, multiplied by the

velocity at which this difference is maintained, and as the said difference of

pressure depends on the difference between the weights of a cubic foot of air in

the two shafts multiplied by the depth of the upcast shaft, therefore if the

temperature in the shafts remains constant, so also will the weight of given

volumes of air, and hence the pressure produced by the furnace will then vary

as the depth of the upcast shaft.

By doubling the depth of the upcast shaft the pressure produced will be
doubled, and as the velocity varies as the square root of the pressure giving rise

to it, the velocity will be increased a/ 2 = 1*4142 times. The power of the

furnace would be 1*4142 x 2 = 2*8284 times as great in the latter case. The
quantity of coals consumed will be a little more than 1*4142 times for the

quantity of air to be heated is increased to that extent, and the initial temperature
will need to be higher in the last case to get the same average temperature in

the deeper shaft. This is disregarding the extra friction added by lengthening

the upcast shaft, which would reduce the quantity, and this may or may not be
to a serious extent according as the shaft friction is or is not a large proportion

of the friction of the whole mine.

Question 89.—A barometer registers 30 inches at the surface, what will it

register at a point 1,890 feet below the surface?

By the formula given under the remarks on barometer in Chapter X., I =P X
^ •

26,216 7

I = 1 * ^

*

_3p= 2 * 1 6, therefore the barometer would register 30+ 2*16 = 32*16

inches at a point 1,890 feet below the surface. Or say that a barometer rises -^th of

an inch for every 88 feet of descent. Therefore = 21*5, which divided by 10
00

gives 2*15 as the rise of the barometer for the depth given, almost as before.
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Question 90.—Give the size of two airways whose perimeters are equal
;

.

the area of one being one and a half times larger than that of the other. I

Here 9 feet x 6 feet = 30 feet perimeter and area 54 feet.

12 „ X3 ,,=30 „ „ „ 36 feet and

36 x 1 \ = 54 feet.

Question 91.—How much more resistance will a current of 600 feet peri

minute meet with than one 500 feet per minute, the aircourse being thel

same ? The latter has a water-gauge of 76 inch, what will that of the!

former be ?

The resistance is as the square of the velocity while the aircourse remains the

same, therefore if the velocity be increased from 500 feet to 600 feet per minute,'

the resistance will be as 5
2

: 62 = = 1*44 times greater, and the water-gauge'
2 5

would be 76 x 1*44 = 1*0944 inch.

Question 92.—The quantity of air which must be made to flow in a new mine
is 116,640 cubic feet per minute. What size ought the shaft to be for

the air to have a mean velocity in the shaft of 7J feet per second.

Here feet per second = 450 feet per minute and

feet area of shaft. Its diameter therefore is a /
2 59 2

^ 7854
inches.

1 16,640—-—2— = 259*2 square
45°

= 1 8* 1 66 or 18 feet 2

Question 93.—There are two airways
;
the first is 8 feet square, the second

10 feet by 4. The same quantity of air is wanted to be passed in each

airway
;
the water-gauge stands at *2 inch in the first, what will it register

in the second case ?

By Atkinson’s formula p
ksv2

and as k is common to both airways omit it

and for s substitute the value of 0. The relative velocities will be in proportion

to the areas of the roads, viz., as 40 : 64, or as 5 : 8. The value of p in the two

roadways will then be in the following proportion

As 32 x 5
2

#
28 x 82

= 12*5 : 44*8, and therefore the pressure in the smaller
64 * 40

airway is = 3*584 times that of the larger, and the water-gauge in the
1 2*5

larger being *2 inch, that of the smaller is *2 x 3*584 = *7168 inch.

Question 94.—What horse-power would an engine exert when yielding 60

per cent, of duty to move 100,000 cubic feet of air a minute; the water-

gauge stands at 1 inch ?

100,000 X 5*2 , rc ..—

I

e—= 15*75 horse-power effective ..

33,000
As 60 : 100 :: 15*75 : 26*25 horse-power exerted by engine.

Question 95.—In an airway 10 feet by 6 passing 30,000 cubic feet of air

per minute, with a velocity of 500 lineal feet per minute, the water-gauge

stands at *5 inch. What will the water-gauge show if the same quantity

be passed through an airway 8 feet by 5 ?
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The perimeters are 32 and 26 ;
therefore, the rubbing surface is as 16 :

;

ie areas are 60 and 40 feet, or in the proportion of 3 to 2. The
1 the small airway would be as 2

: 3 :: 500 : 750 feet per minute. The pressures,

tfhen, would be in proportion thus: as —~ ^ - or as 6*6 : 18*28, and

18*28
therefore the pressure in the smaller airway is — = 2744 times more than

t,hat of the larger, and the water-gauge of the larger being *5, that of the smaller

would be 7 x 2744 = 1772 inch to pass equal quantities of air.

Question 96.—20,000 cubic feet of air per minute are required through

an airway 4,000 feet long by the application of 5 horse-power. Of

what area must it be to give the desired result, (a )
if square, (b)

if circular,

and (c) if rectangular, supposing the seam to be 6 feet high ?

ksv3

By Atkinson’s formula a = ,
and in the case of a square airway if a be its

P
area, then its perimeter is 4 \/«7and as the quantity of air is found by multiplying

the area by the velocity, v = where q represents the quantity. For a =

ksv2

P
,
then substitute a

—
£ (4 a/ at) X U/ . being the length of air-course in

4 k l g*

p ,
and by squaring both sides— =feet. By collecting terms

(1*ji?f ,.
«« = and * =

Since the power is the quantity passing multiplied by the pressure a —
^±kjj__y _

^
4 k l

5 wjiere u js faQ power expressed in units of work.
pq

Substituting the known values in the equation, thus

•0000000217 X 4,000 X 20,000 s\%

^
5 = 49*0314 square feet as the area, or

33,000 x 5

rather more than 7 feet square.

In the case of a circular airway, if a represent its area, the perimeter will be

3*545 \/a, and the formula will be a =
^
3. 54

5

5 or
^
3_5_4 5

^5^ and

substituting the known values in this equation

- (3 ‘545 x *0000000217 x 4,000 x 20,000- i\i

J

5 = 46*72; or, knowing the
33,000 x 5

size of the square airway, proceed to find the size of a circular one to pass the

same quantity, thus :

—

The perimeter of the square airway is 7 x 4 = 28 feet, and R = sji^
3

.

Therefore
,
sj ^ or omitting the sign of the square root, since the value

of R is the same in each case, ^ = 4,201*75. Then, as per Example 16, but

allowing for the square root sign removal, the area a of the circular airway is =
V 1 2*567 R2

.
.*. a = Vi 2*567 x 4201 *75 2 = 46*7 as before.

In the case of a rectangular road whose height is given as 6 feet let = the
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width of the road in feet. Then 6 * = its area, and 12 + 2 * its perimete r,

Substituting these in the formula a
ksv2

P

6 x =_ kl (12 + 2 x) x («’

dividing both sides by

6 x
“pr _ ki{\2 + 2 x)

36 *2 P

. 2\6 xz
__ kl (12 + 2 x)

. . — — )

r p
.3 — kI9 ( I2 + 2 x)

216 *3 =
P

A.3
12 + 2 /fc/?

2* _ 12 + 2 klq*xv — — or •— ——-—

,

210 p 216 U
Now substitute the known values of k l q and u, thus

^3 _ {
I 2 X -00000002 1 7 X 4,000 X (20,000)3}+ { 2 XJ00000002 1 7 x 4,000 X (20,000)3.*}

2 16 x 33 000 x 5

r3_ 8,332,8000,00 + 1,388,800,000 AT

35,640,000
’

•*3 = 38-9 * + 233-8,

X3 — 38-9 x — 233-8 = o.

Or the same cubic equation may be obtained another way.
Knowing the size of the square airway, proceed to substitute a rectangular one

or it to pass the same quantity]; thus R = —

(

6
,
and therefore, as shown

12 + 2 x
in Example 16, but allowing for the sign of the square root there used

and now omitted, *3 = ^ X
, and substituting the known value of R

3 (

1

2 x 4,201-75) + (2 x 4,201-75 x)

216
x° =

^3 — 8,403*5 *+ 50,421 _
2l6

= 38-9 * + 233-4,

*3 - 38*9 * - 233-4 = O.

Proceed to work out this cubic equation by the trigonometrical formula,
*3 — px — Q = o

Sin. a = 2 \f P-

3 Q V
3

Tan. p = jy tan. j a

x =
Sin. 2 p

Substituting the values of p and Q in the formula,

Sin. a — -3? 9 x 2 x
700*2

a — 23
0
36'

and \ a — 1 1° 48'

Tan. p = tan. V n° 48'
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Log. tan. ii° 48' = 9*319961
less 10

divide by 3 to cube root 1*31 996

1

) 1773320
add 10

I 97733 20
= log. tan. of 30° 41'

2 0 = 6i° 22'

i

/V1?
|

Sin. 6i° 22'

* = 8*3

The size of the rectangular road to pass the required quantity therefore is

6 feet x 87, or 49*8 square feet area.

Question 9 7.—The temperature of the air in the downcast is 6o° F., and in

the upcast ioo° F.; the quantity of air entering the mine by the downcast
is 20,000 cubic feet per minute, and the size of each shaft is 15 feet in

diameter. What will be the velocity of air in feet per minute in each pit

respectively ?

The velocity in the downcast would be = JI 3
'

l 7& feet Per

minute. Since 460 cubic feet of air at o° expand a cubic foot for each degree of

heat (Fahrenheit) added, therefore 460 cubic feet at o° become 460 + 60 = 520
cubic feet at 6o° and 460 -f- 100 = 560 cubic feet at ioo°. Therefore, as 520 : 560
:: 20,000 : the volume occupied by 20,000 cubic feet at ioo°, or since the areas

of the upcast and downcast are the same, the velocity in the downcast maybe pro-

portioned to that in the upcast thus :—'As 520 : 560 :: 113*176 : 121*88, which
is the velocity in the upcast shaft.

Question 98.—How far can you drive a pair of levels without showing a
“ cap ” in the safety-lamp at the upcast ? The current of air is 4,000 cubic
feet per minute, and assuming that the coal gives off 1 cubic foot of fire-

damp for every 30 yards of each level, give the proportions of air and
gas in the mixture.

Light carburetted hydrogen gas can be detected by the lamp when it exists in

the air in the proportion of 1 in 30. In 30 yards of the level the quantity of gas
in the air will be one-four-thousandth. .*. As 30 : 4,000 :: 30 : 4,000, but as

there is a pair of levels divide by 2 = 2,000. That is, the levels can be driven

2,000 yards from the pit before the return air will show a cap on the flame at the

upcast if there is no change in the quantity of gas emitted during the driving.

The proportions of the mixture at the upcast will be -g^th of gas in the air

current.

Question 99.—A pair of winning places 100 yards long each have stentons
connecting them 20 yards apart, the winning places being separated by
10 yards of coal. The winning places and stentons are all filled with
undiluted gas C H 4 ;

current of air passing 6,000 feet per minute. What
is the least possible time to clear this gas out without fouling the air,

except with small cap on top of a safety-lamp ? Places all are 8 feet wide
and 5 feet high.
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Here = 5 stentons 10 yards long = 50 yards, and the winning places 10 d

x 2 = 200 yards. 200 + 50 = 250 x 3 x 40 the area = 30,000, which is th e

total number of cubic feet of undiluted gas. I

If -j^th be taken as the proportion of gas that shows a slight cap on the safety ?

lamp flame, the quantity of gas that can be taken away per minute will be
)

30 I

= 200 cubic feet, the time occupied in removing the whole will be 30 >
0QQ=

200
|j

150 minutes = 4^-= 2j hours.
60

Question 100.—An explosive mixture of air and gas at the highest explosive

point passes along an airway 4 feet by 5 at a velocity of 500 feet per 1

minute. What quantity of fresh air must be added so that you cannot
detect it on the flame of a safety lamp ?

Here the area of the airway is 4 x 5 = 20 feet x 500 = 10,000 feet of air and|

gas. When at the highest explosive point the mixture is 1 of gas to 8 or 9 of air,|

but taking it at one of gas to 9*5 of air, as proportioned by some, then

As 10*5 : 9*5 :: 10,000 : 9,047*6 cubic feet of air,

and as 10*5 : 1 :: 10,000 : 952*4 „ „ firedamp.

When the mixture is 31 of air to 1 of the gas its presence cannot be detected,

so that 952*4 x 31 = 29,524 cubic feet as the quantity of air required, but as

there are already 9,047 cubic feet of air it would take an additional quantity of

29,524 — 9,047 = 20,477 cubic feet per minute of fresh air to dilute the gas so

that it could not be detected by means of the lamp.

Question 10 1.—How long would it take an air-current of 20,000 cubic feet

per minute to make the circuit of an airway 4,000 yards long, 10 feet by
10 feet?

, 20,000
10 feet x 10 feet = 100 feet sectional area, and — = 200 feet per minute

, . r ,
4,000 x 3

as the velocity of the current. .\ = 60 minutes or 1 hour to make
J 200

the circuit.

Question 102.—A current of 2,000 cubic feet a minute is at explosive

point. How much fresh air must be mixed with it to prevent its showing

a “ cap”

?

When the firedamp forms as much as one part out of thirteen of an air-and-

gas mixture it becomes explosive.

The gas evolved, therefore, would be of 2,000 = 153*846 cubic feet per

minute, and the quantity of air is 2,000 — 153*846 = 1,846*154. In a mixture

of one part of firedamp to 30 of air the flame will not show a cap. 153*846 x
31 = 4,769 cubic feet per minute as the total ventilation, when the requisite

change has taken place. Then the fresh air required to accomplish this will be

4,769 cubic feet, but as already 1,846 cubic feet of fresh air are passing, an

additional quantity of 4,769 — 1,846 = 2,923 cubic feet per minute will be

required.

Question 103.—The depth of downcast is 100 fathoms, with a temperature

of 50° F., the depth of upcast is 150 fathoms, with a temperature of

ioo° F. What water-gauge should this show?
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Here the state of the barometer is not given, but, assuming it to be 30 inches,

I ’^ 2 c 5 X 30
tne weight of a cubic foot in the downcast would be : = ‘07811 lb.

;

459 + 5°
’

1*3233 X 30
tlaat of the upcast would be ——7 — = -07112 lb * and the difference isr

459 + 100 '

•07811 — ‘07112 = ‘00699. The depth of the upcast being 900 feet gives

•1P0699 x 900 = 6*291 lbs. as the pressure due to the difference in the mere

height of the two columns. The water-gauge would therefore read = 1*21
5*2

inch, and the motive column is as *07811
: 900 : : *00699 : 80*54 feet.

[

Question 104.—In a colliery with two shafts, one downcast and the other

upcast, each 1,000 feet deep and 15 feet in diameter, temperature of down-
cast 6o° F., average pressure in the shafts 30 inches. Quantity of air

going down the downcast, 150,000 cubic feet per minute, the ventilation

being produced by a furnace. Required the average temperature of the

upcast, and total horse-power necessary to produce the ventilation, assuming
that of the workings (total, minus shafts) to be 50 horse-power.

By using the formula u = ks to find the power necessary to circulate

150.000 cubic feet of air per minute through the two shafts, it gives *0000000217

. . f 150,000 \3 .

X (15 X 3*14159 X 2,00(J) X
(^J ^2 X -78547

= I?2 5 0,79 2 units °* WOr^‘

1,250,792
qqq- = 37*9 horse-power. But, as stated before, the value of k has not

been fixed for shafts, and it is manifestly unfair to assume it will be the same for

them as for the rough and uneven passages of a mine
;
probably the value for

the smooth surfaces of the shafts will not exceed one-half that of the underground
roads.

Assume the power used in the two shafts to be 20 horse-power instead of the

above worked-out 37*9, then the total horse-power required for both shafts and
mine will be 20 + 50 = 70, and 70 x 33,000 = 2,310,000 foot pounds or

units of work. That is, the furnace must be capable of performing that work per

minute.

At a temperature of 6o° F., and barometer at 30 inches, a cubic foot weighs
1*3233 X 30

^ _l_ 5q
"
= *0766 lb., and as there are 150,000 cubic feet of air circulating,

its weight at the stated temperature and pressure is *0766 x 150,000 = 1 1,490 lbs.

Therefore, the duty of the furnace is to lift this weight of air through a height of

2.310.000 . . _ . _ , . ,

~~
1T490

= 201 *eet m 0ne mimite * Proceed to find the temperature that must

be maintained in the upcast shaft to circulate the air through both the shafts and
mine, by the formula

t— ^ (4 59 +
, /1 ~ l-/i + /

where h — the height through which the whole of the air which traverses the

mine has to be lifted

/ = the temperature of the downcast shaft

T — do. do. upcast do.

/ = the length of the heated column of air in the upcast.

) Substituting the known values in the above formula T = 2
-

QI-

+

60)

/
0 1,000 — 201

+ 60 = 190°.

C.M.H. C C



386 FRICTION OF AIR IN MINES.

A column of air 1,000 feet high, and at a temperature of 190 F., in the upca

shaft, would occupy a height represented by * when cooled down to bo r •

1,000 X i5i±i° = 799 ;
or * (1 + = 1,000, and so * 4

790. Therefore x — l — h. The value of h is the height of a column of aj

which will balance the difference of weight between the two volumes of air in th

downcast and upcast, usually called the motive column.

st

)f

!•

i

1

Question 105.—If 40,000 cubic feet of air enter a downcast shaft 14 feC

diameter, and the temperature is 6o° F., what must be the diameter of

upcast shaft to pass that quantity of air, the velocity being the same m eac

case, and the temperature of the upcast being ioo° F. ?

it

e

h

The sectional area of the downcast is 142 x 7854 = 1 53
'

93 84 square feejt.

40,000 _ g 2 [ee( per m inute as the velocity of the current in the
"

i 53
'

93 84
downcast.

460 T 100 o!

The velocity in the upcast would be, therefore, 259*8442 x + 6o = 2 7

9

t

A / 279*83 x 153*9384
when both shafts have the same diameter. Hence \/ -^.g442 x -7854

14*528 feet diameter of the upcast when the velocity of the current is the same

in both shafts.

Question 106.—If 30,000 cubic feet of air entered a shaft 14 feet diameter, at

a temperature of 6o° F., what diameter of upcast is necessary to pass the

same quantity, the velocity being the same in each case, and temperature

of upcast 90° F. ?

A volume of air increases T-|o
°f * ts bulk ^or eac^ ^* ^ e° ree ^

creas
_gj

/ aft x q
temperature. The diameter varies as it maybe found by d = y —

—

where D = diameter of downcast, d — diameter of upcast, Q = quantity in the

upcast, q = quantity in the downcast.

, . ( ,
30,000 460 + QQ _ 16,500,000 _ 7?o cubic

Taking the former formula, -

46o + 60 520

feet to pass up the upcast shaft, and as y30,000 : v/3 1 ,730
" 1 4 : 1 4

*

39 8 = diameter

of upcast shaft. Or by the latter formula 142 = 196 X 31,73° = 6,219,080 -r

30,000 = 207*3 and ^207*3 = 14*398, as before.

Question 107.—Supposing the existence of an airway passing 20,000 cubic

feet of air per minute, what would be the increased quantity after putting

in an additional airway of the same dimensions, the powei remaining t le

same ?

By the formula u = ks assuming any value for a
,
say 30 feet, and *

say 1,000 feet.

/ 20,000 \ 3

Then u = *0000000217 X 1,000 x
^

——
J
— 9,429*7.

After putting in the additional airway, the units of work are to remain the

same as before, but the value of a and of s will be doubled, theiefore

q — a
3

/
6

> 4 2 9*7 x 60 = 31,748, which is the number of cubic
1 * *0000000217 X 2,000
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feet per minute circulating after putting an additional airway of the same dimensions
as the original one.

Or q = js
X a.

.

The value of u, s, and a, may be set down at 1 each when 20,000 cubic feel

pass, and the altered conditions will then necessitate u being made 1, and .r and a 2

each. The value of k may be omitted, as it is common to both airways, and
will not affect the result. The quantity that would pass then is as \Z-i- x 1 :

x 2 :: 20,000. .*. 1 : 7937 x 2 :: 20,000, and 20,000 x 7937 x 2 =
31,748.

Question 108.—A steam jet and fan, both acting together in an upcast shaft,

produce 50,000 cubic feet of air per minute; when the fan is stopped

the jet gives 10,000 alone
;
what would be the result were the jet

removed ?

The power required to ventilate a given mine varies as the cube of the quantity

;

if therefore the power of the steam jet which gives 10,000 cubic feet is set down at 1,

then the power of the two combined which produces 5 times the quantity will be
in the ratio to the power of the steam jet as 5® : i

3 or as 125 : 1. Therefore the

power of the fan is 124, that of the steam jet being 1. To find the quantity the fan

alone will produce—if a power of 1 will produce a quantity of 10,000 what quantity

will a power of 124 produce? or, if a power of 125 produce a quantity of 50,000
what will be produced by a power of 124 ? It is equally true that the quantity

varies as the cube root of the power; therefore, As V 1 : V 124 :: 10,000 : 49,866,

or, as Vi 25 • V124 :: 50,000 : 49,866 ;

that is, the fan alone would give 49,866 cubic feet per minute.

Question 109.—There are two airways in a mine whose lengths are 2,000

feet and 3,000 feet respectively, subject to the same ventilating pressure.

The shorter is 5 feet x 5, what size must the longer be made so that each
may pass an equal quantity ?

Here it is possible to proceed by the formula R — but a simpler

way of getting the same result is to remember that the side of the square airway will

vary in the proportion of the 5th root of the lengths, when the roads are subject

to the same pressure and are to pass the same quantities; thus, As V 2,000:

V3,ooo :: 5; or,

As V 2 : V3 :: 5 : 5*42235 as the side of the longer airway and its area

would therefore be 5*42235 2 = 29*4.

Similarly for a circular airway the diameter varies in the same ratio. Thus if

the airways were circular in form, the diameter of the shorter would be

/V = 5*64 1 9 \ 2 : 'l
/
3 :: 5*6419 : 6*1185 as the diameter of

the 3,000-foot airway and its area therefore would be 6* 1 1 8

5

3 x *7854 = 29*402

the same as that already worked out for the square airway.

So also for a rectangular airway the height and the width of the airway

vary in the same ratio. Thus if the airway had been rectangular and 4 feet

high, its width would be 2
T
5 = 6*25 feet. For the 3,000-foot airway then

As V2 : V3 :: 4 : 4*3379 which is the height of the longer airway : %/

2

:

V3 :: 6*25 : or put it as 4 : 4*3379 :: 6*25 : 67779 as ^e width of the longer

airway, and therefore the area would be 4*3379 x 6*7779 = 2 9*4 as before.

c c 2
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Airways passing equal quantities subject to the same pressure must have an

equal ventilating power, whether their lengths be equal or not.

The answer to this question may be found by assuming any quantity, say,

2,500 cubit feet per minute to be passing along each airway.

Then proceeding by the formula

u — ks x
(^j

for the short airway

u — *0000000217 x 40,000 x 1003

u — 868

If a — the area of the long airway then 4 v a

or = its perimeter

Then since A
ufz x7
ks

a —

XI-
868

0000000217 x 3,000 x \Zi 6a

868a
3

*0000000217 X 3,000 X \/i6a

868a3

a/*00000006 78a

753,424a6

•0000000678

a

11
,
112

,448 ,377 , 581^
a 5

x a = 2,500

= 15,625,000,000

= 15,625,000,000

= 244,140,625,000,000,000,000

= 244,140,625,000,000,000,000

= 21,970,102.

= 29-4 being the same result as

obtained in the previous working.

Question i io.—There are three airways in a colliery

A, being 3,000 feet long and 6 feet x 5 feet — 30 feet area

B „
S

I’ooo „ „ 6 feet x 6 feet = 36 do.

C 2 000 „ „ 5
feet x 5 feet = 25 do.

The total quantity of air passing in the three airways is 50,000 cubic eet per

minute. What is the quantity passing along each ?

These airways must be subject to a common pressure and the relative volume

for each will be found by the formula R — \!

A, R = J = '6396
v 66,000

B, R = a/—r~~r = '697 ! 4

For

96,000

A/H5T = -625
v 40,000

Total relative volumes 1*96174

C. R =

Therefore the actual volumes going into each must be
/ . zT C • > r\r\r\

For A As 196174
B „ 1-96174

C „ 1-96174

•6396

•69714
•625

:
50,000 : 16,302 cubic feet

: 50,000 : 1 7,768 do

:
50000 : 15,93° do

Total c;o,ooo do.
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Question 11 1.—Compare the friction in the following roads :—No. 1 is 8 feet

by 5 ;
No. 2 is 6 feet by 12 ; (a) for the same quantity and (b) for three

times the quantity of air.

First, by the formula R V(?> or as R must be the same in each case,

omit the sign of the square root, and the result is not affected. Therefore, there

are, as the relative resistances in the two roads for the same quantity of air,

4.0^ 72^
As V- : ,

or as 2,461*3 : 10,368 :: 1 : 4*212
;

that is, the resistance
26 36

J D

offered by No. 1 airway will be 4*212 times as great as that offered by No. 2

airway for the same quantity of air.

If 3 times the quantity of air is to circulate through No. 2 as compared with

No. 1, then proceed by the formula u = ks
^ ^

or ksv % to find the relative

resistances.

The value of k will be the same in each case, and being a common factor, may
be omitted, and the relative resistances then becomes sv 3

. There being no
definite quantity of air assigned as passing through the airways for convenience
make the quantity passing through No. 1 a multiple of its area, say 40, then the

quantity passing through No. 2 will be 40 x 3 = 120. The relative velocities

must then be — = 1 and-i^? = i*6. The relative pressures will be
40 72
For No. 1 airway 26 x 1

3 = 26, (substituting 0 for j).

„ ,, 2 „ 36 x i*6 3 = 166*6 do.

Therefore
x
- ^ ^ = 6*41 times as much friction in No. 2 as in No. 1 for
20

3 times the quantity of air.

Question 1 12.—Given 10,000 cubic feet of air per minute through an airway 10

feet by 8, with a pressure of 10 lbs. per square foot, what is the length of

the airway ?

. . pa 10 x 80
By the formula s = fs, s = 5 = 2,3=50,446 square feetJ kv~ *0000000217 x 125 2 h

of rubbing surface, and since the perimeter is 36, the length of the airway is

~~ = ^eet ‘

Question 113.—What precautions should be adopted where candles and
safety lamps are used in different parts of the same mine ?

The practice of having “ mixed lights ” in a mine is one to be condemned, but
if some extraordinary event made it necessary for a temporary purpose, the

points to be observed are to see that no return air after having passed through
the workings lighted by safety lamps should be allowed to pass through the

workings lighted by candles or open lights. Each district should be ventilated

by means of a separate intake and return airway. Proper precautions should be
taken to prevent persons using candles from entering that part of the mine
lighted by safety lamps.

By General Rule 8 of the Coal Mines Act, 1887—“ When it is necessary to

work coal in any part of a ventilating district with safety lamps, it shall not be
allowable to work the coal with naked lights in another part of the same ventila-

ting district situated between the place where such lamps are being used and the

return airway/’
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Question 114.—If 1 cubic foot of gas should explode, how many cubic feel
of flame would it make ? i

The law of the expansion of gases is that every 460 volumes of gas measured
at o° F., and at a pressure of 30 inches, expand to 461 volumes for each degreiJ

of temperature on Fahrenheit’s scale the gas is raised.

The proportion of oxygen to nitrogen in the air is about -^th. As oxygeijl

combines with twice its volume of hydrogen, \ a cubic foot of oxygen would b<J

required to unite with a cubic foot of hydrogen, necessitating about 2\ cubic fee t

of air. There would then be a mixture of 3J cubic feet. Taking the heat of the1

explosive mixture of gas and air to be equal to that of 2,348° F., every 460]
volumes become by explosion equal to 2,348 + 460 = 2,808. as 460 : 2,808 : \

|

3^: 2i*3 cubic feet
;
that is, 1 cubic foot of gas becomes 21*3 cubic feet of flame;

Question 115.—At what velocities do the Davy (without shield), Stephenson

and ordinary Clanny lamps become unsafe ?

The Davy explodes in an inflammable mixture of gas and air when the current

moves at a velocity of 6 feet per second, the Stephenson and ordinary Clanny
lamps at 9 feet per second. If these lamps are to be used it must be in currents

considerably below this.

Question 116.—Supposing a 40 horse-power fan gives 120,000 cubic feet per

minute, what quantity of air will a fan of 32 horse-power give ?

As o : V$2 :: 120,000 : 111,398 cubic feet of air per minute or

x 120,000 = 111,398 cubic feet.

Question 1 17.—If 10,000 cubic feet of air pass per minute along an aircourse

7 feet square, how much will pass through the aircourse if it be reduced

to 4 feet by 3, the power remaining the same ?

•5 / u
Here the formula q = y/ — x a may be used, but as no length of airway

is stated, substitute 0 for j, and the relative values will not be affected if k also,

which is common to both airways, be omitted. Then q = \! - x a. No actual
v 0

value is assigned to u, so for convenience make it a multiple of 0
,
say 28, and the

proportion then is

V28 V28
y/ x 49 : /y/ x 12 :: 10,000, or

2 o 14
As

A 3/— 10,000 X 1*25992 X 12 q ._ v; r ,

As 49 : V 2 x 12 :: 10,000 = - — 3 >°°:> 5 cubic feet

49
per minute for the smaller aircourse.

Question 118.—Supposing the workings of a colliery to be ventilated
1

by a Guibal fan 21 \ feet in diameter, going at 40 revolutions per minute,

how many cubic feet would the fan produce ? The air is to pass \

through 4 separate airways, 2 of them being 6 feet by 5 feet and 1,000 j
fathoms in length, and 2 are 8 feet by 5 feet and 1,200 fathoms in length :

'

what would be the height of the water-gauge in each airway, and also in 1

the main airway at the bottom of the downcast pit, which is 12 feet x 6

feet, and 60 fathoms in length ?
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The theoretical water-gauge (close to the fan) that a Guibal fan 21 \ feet in

diameter, going at 40 revolutions per minute would produce, is ’902 inch (the

height of barometer and thermometer slightly affect the water-gauge).

Thus, by the formula h =
,
where v — speed of the tips of vanes in

04 4
feet per second, and h = the height of column necessary to create such velocity

in a falling body.

h =
40

21-25 x 3' r 4i6 x ^
64-4

h = 30-7, and therefore the water-gauge would be

3°7 x 2

68
= -902 inch.

The depth and size of the shafts are not stated, and even if they were it could

only be told approximately what proportion of the ventilating pressure will be
spent in forcing the air through them. Assume it to be -^th of the total pressure

;

for overcoming the friction due to the shafts, then -902 — *226 = -676 as the

water-gauge due to the underground workings between the two shaft bottoms

;

and as the airways must all leave the main intake at 60 fathoms from the

downcast, and all come into the return at the bottom of the upcast, the water-

gauge due to each of the 4 split airways will be the same.

The relative pressures for overcoming the friction are as follow :—

-

Area in
f
eet. Rubbing surface

in square feet.

Main Intake 72 12,960

No. 1 airway 3° 132,000

„ 2 „ 3° 132,000

»» 3 ». 40 187,200

„ 4 40 187,200

Assuming now that any quantity, say 50,000 cubic feet, are passed along the main
airway, the relative quantities going into the four airways, which must get the

total among them will be found by the formula R = sj
^
— thus,

—

For No. 1 airway R =

>5 2 ,, ,,
=

V
V
v/

V

3
°"

132,000

3°
3

132,000
~ 4Q3

187,200

4Q :j

187,200

•45226

•45226

5847

•5847

Total 2-07392

For a total of 50,000 cubic feet circulating, the proportion of volumes goinginto

each airway must be,

For No. 1 As 2-07392 : -45226 :
: 50,000 : 10,904

,, 2 ,, 2-07392 : *45226 : : 50,000 : 10,904

„ 3 „ 2*07392 : -5847 :
: 50,000 : 14,096

„ 4 „ 2*07392 : -5847 :
: 50,000 : 14,096

By the formula p = —— now proceed to find the relative pressures for the
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main intake and any one of the four airways due to the above quantities, since

p is the same in all four.

then for the main intake / =
* 12,960 x 69+

'

4
s

No.
’00000002 I 7

airway p = —— L

72
x 132,000 x 363’5 2 _

30

1*8837

I2’6i4

so that the total pressure for the quantity assumed to pass would be 12-614 +
1*8837 = 14*4977 lbs. per square foot.

But there is actually only a water-gauge of *676 inch or ’676 x 5*2 = 3*5152 lbs.

I

per square foot pressure due to the underground workings between the shaft

bottoms. The proportion of the pressures, however, will hold good between the

main intake and the airways so that the actual pressures will be,

For the 4 airways As 14-4977 : 12-614 :
: 3*5152 : 3*0584 lbs.

„ main intake As 14-4977 : 1*8837 :
: 3*5152 : -45681b.

and these pressures as indicated by the water-gauge would be -588 inch
5 2

and = *°88 inch, that is the water-gauge due to friction in the main air-

way is -088 inch and that due to each of the four split airways is the same, viz.,

-588 inch.

Now proceed to find the actual quantity of air circulating in the mine.

By the formula v = \f and substituting values for the
v ks

v = V,

v
•4568 x 72

mam airway

•0000000217X 12,960
341-9 feet per minute, therefore the quantity

actually circulating is 341*9 x 72 = 24,616 cubic feet per minute.

Or say, as the water-gauge to produce 50,000 cubic feet per minute would be

11 -
4977 _ 2*788 inches, the quantity that would circulate with a water-gauge of
5‘ 2

•676 inch is, As A/V788 * \/'6j6 : : 50,000 : 24,620 cubic feet, which is almost
the same result as before, the difference being due to loss in dropping decimals.

Question 119.—What are the chief points to bear in mind in the adoption of

a fan which is to supersede a furnace that produces 30,000 cubic feet of air

per minute with a water-gauge at the pit bottom of -3 inch ? Give the

difference in water-gauge when the fan produces 60,000 cubic feet of air

per minute, the circumstances of the mine remaining unaltered.

The chief points to be borne in mind in choosing a fan to supersede a furnace

are that a certain water-gauge, whether caused by a fan or by any other machine,
only circulates a certain quantity of air through the mine.

That at a given speed a fan can never get more than a certain constant water-

gauge, but that if the fan be not properly proportioned, or if it be too small for the

airways, the air will be throttled at the fan which will then get less than the water-

gauge due to its speed. In choosing a fan one should be decided on that will

do the work required with as small a consumption of fuel as possible and for that

reason it should be driven by a compound engine if a new engine has to be pur-

chased for the purpose. In answer to the latter part of the question, if the

quantity of air be doubled the water-gauge is increased 2 2 = 4 times, and it would
therefore read -3 x 4 = 1*2 inch.

Question 120.—If 20,000 cubic feet of air are produced in an airway 500 fathoms
in length, 8 feet in breadth, and 4 feet in height, how many feet would be
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produced if the air was split into three divisions, the first airway being

as the above, the second 600 fathoms in length, 9 feet in breadth, and 5 feet

in height, the third 800 fathoms in length, 10 feet in breadth, and 6 feet in

height, the power being the same ?

Use the formula u = ks or to3 and for the airway passing 20,coo

cubic feet at a velocity of —Q,QQ2, = 625 feet a minute u = *0000000217 x
3 2

72,000 x 625 s = 381,444*7 units, or 3jl’444_7 _. 1 1*5589 horse-power.
3 3 >000

Then, for the power to remain the same for the 3 airways,

For the 1st 8 feet x 4 feet x 3,000 feet long

,, 2nd 9 feet x 5 feet x 3,600 „

„ 3rd 10 feet x 6 feet x 4,800 „

Total

Area in feet. Rubbing surface in

square feet.

3 2 72,000

45 100,800
60 153,600

13 7 3 2 6,400

Then by the formula q = a
3
/ iL x a

;
a

3

/ 3^U 444 7 x 137v ks ' *0000000217 x 326,400

= 51,736 cubic feet as the quantity which would circulate with the same power.

Question 121.—If in a heading 7 feet 6 inches by 6 feet 8 inches the air

travels 40 yards in 12 seconds, what would be the quantity of air passing

per minute ? If the water-gauge was 2*5 inches, what would be the horse-

power ?

Here x 6f = IL x =50 feet area of airway. 40 yards =236
1 20 feet, and if the air travels that distance in 1 2 seconds, its velocity must be
as 1 2 : 60 :: 120: 600 feet per minute, and the quantity passing is 600 x 50
= 30,000 cubic feet per minute. With a 2* 5-inch water-gauge the horse-

power of ventilation is .
x
,Jl

2
_.
x
._
2

..
5

. = 11*82.
33,ooo

Question 122.—If with a ventilating fan running at 65 revolutions per minute
1*02 inch of water-gauge is produced, what will be the water-gauge if

the fan speed be increased to 96 revolutions per minute?

The water-gauge varies as the square of the quantity and also, since the quantity

I is proportional to the speed of the fan, as the square of the revolutions

HI)'
x 1*02 = 2*22 inches.

Question 123.—If with a ventilating fan running at 93I revolutions per

minute 1*3 inch of water-gauge is produced, what will be the water-

gauge if the fan speed be altered to 82 revolutions per minute ?

As the water-gauge varies as the square of the revolutions, then as 93'5 2
: 82 s

:: 1*3 or x 1*3 = 1 inch of water-gauge.
^93V
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Question 124.— If a ventilating fan is running at 40 revolutions per minuteM
with 1 *5 inch of water-gauge, and it be altered so that the water-gauge. I
reads 2‘6 inches, what will be the fan speed?

The quantity of air passing varies as the square root of the water-gauge, and
j

as the quantity is in direct proportion to the fan speed, the latter also varies as I

Question 125.—If a ventilating fan is running at 80 revolutions per minute
with 3*75 inches of water-gauge, and the speed be altered so that the

water-gauge reads 1*82 inch, what will be the fan speed?

Question 126.—In an explosion of gas at 70° F., what would be the

difference of expansion in volume, the combustion taking place at 9,564° ?

A gas expands 4|oth °f its volume at o° F. for each degree it is raised above
that point under a constant pressure.

Therefore any 460 volumes at o° become 460 + 70 = 530 volumes at 70°, and
at 9,564° the volume would be 460 + 9,564 = 10,024. In other words, the relative

volumes occupied by a gas at the respective temperatures of 70° F. and 9,564° F.

will be represented by the figures 530 and 10,024, so that the difference of

expansion in volume is as 530 : 10,024 or as 1 : 18*9, that is, every cubic foot of

the explosive mixture at 70° becomes 18*9 cubic feet at 9,564°.

Question 127.—How would you ventilate a mine giving off C H 4 and C 0 2

freely, and what kind of airways would you adopt and what proportion

should they be to one another ?

I should make no distinction in ventilating a mine giving off CH 4 or light

carburetted hydrogen gas at one portion and C 0 2 or carbonic acid gas at another,

except not allowing the air from the one portion to return so as to mix with the other.

By the first general Rule of the Mines Act, 1887, we are bound to provide an

adequate amount of ventilation in every mine to dilute the noxious gases so as to

render them harmless. Both CH
4
and C 0 2

are noxious gases, and the means
of diluting them the same, viz., by providing and coursing round the districts of

the mine such quantities of pure air as to ensure the rendering harmless of these

gases. Air containing 3 or 4 per cent, of C 0 2 is unfit to be breathed, and
therefore we must be sure that a district giving off that gas has air in the pro-

portion of 100 to 3 of the quantity of C0
2
given off, or about 33 to 1, and as

also C H 4 ,
when mixed with the air in the proportion of 1 in 30, will show a

“ cap ” on the flame of a lamp, we shall require 30 parts of air in any district

giving off C FI
4 to every 1 part of CFI 4 so given off. I do not mean to

say that it is sufficient merely to dilute these gases so that the one may be just

in a breathable state and the other be just beyond the point of its showing

a cap
;

the figures are given merely to show that the relative quantity for

this purpose is nearly the same. Therefore the proportion of air required in the

different districts of a mine, taken in consideration simply of these gases, will be

practically the same, but other considerations, such as the number of workmen
employed in each, &c., may affect the relative quantities we should send into

the square root of the water-gauge

Here, As ^375 • v/ 1-82 :: 80 or x 80 = 5573 revolutions.
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each. I would then, ventilate any mine by a judicious arrangement of splits, and
the kind of airways would be governed to some extent by the thickness of the

seam worked. Theoretically, the most effectual shape of airway is the circular ;

the circular, however, is not practicable in our underground roadways, but a

square one, which is the next best form, frequently is, and where practicable, I

should adopt it, and where impracticable 1 should be careful to make the airways

of a large sectional area, and if limited as to height, of a width to ensure the

sectional area being sufficient, but I should prefer the square form. The pro-

portions of airways for districts giving off C H 4 and C0 2 ,
as already shown,

apart from other considerations, may be the same.
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A very important item in colliery operations is the making and maintaining, in

compliance with the Mines Act, 1887, accurate plans of the workings in the

different seams.

Plans are indispensable as a guide to the mining engineer or colliery manager
in directing the workings, designing the best means of ventilation, guarding

against old workings containing water or gas, keeping well within and leaving

a proper barrier against the boundaries defined in the lease of the colliery, and for

giving notice to the proprietors of railways, canals, &c., when the workings have

approached within a specified distance of their surface property. In some
instances the royalty rents are chargeable on the amount of coal worked

;
such

amount being calculated from the areas as proved by survey and plotted on the

working plans.

Surveying instruments are divided into three classes:— 1. Instruments for

measuring distances. 2. Instruments for measuring angles. 3. Instruments for

plotting the survey.

Those ordinarily used for Class No. 1 are the chain or tape, the spirit level,

and levelling staves. Those for measuring angles, which are applicable to mine

surveys, are the miner’s dial and the theodolite. Under the head of No. 3, the

different forms of protractor, the parallel ruler, the T-square, the set-square, and

scales, will be considered.

Gunter’s Chain is that which is almost universally adopted for measuring dis-

tances. It is 66 feet or 4 poles in length, and is divided into 100 links joined

together by rings. The length of each link together with the rings connecting it

with the next is ---
*

.

I2
=. 7-02 inches. To every tenth link are attached

100
pieces of brass of different shapes for readily counting the distances which may
be fractional parts of a chain.

With the chain, on the surface, 10 or 11 arrows also are used, the latter number
being preferable, but they are not often used in underground measuring as they
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will not stick in the floor, and the custom is to mark the end of a chain with chalk

on the floor or the rails. Care is required to measure straight between the two

marks set up, which on the surface are usually rods, and underground must be
lights.

Horizontal distances only are shown on the plan, and these will not be the

actual distances measured where the ground rises or falls. On the surface,

approximate horizontal measurement may be obtained by holding one end of the

chain up, so as to keep it in a horizontal position, and plumbing from the handle

to the ground
;
but where the ground is very steep, it is impossible to hold out a

whole chain-length in this way, and it has to be done by using a part of the chain,

say 40, 30, or 20 links at a time, according to the fall of the ground. It is, how-
ever, difficult to tell when the chain is being held horizontally, and it is much
better instead of adopting this method, to measure the distances along the surface

of the ground, and by taking the angles of elevation or depression over the several

inclined parts of the line with the instrument used for measuring the angles, the

correct horizontal distances may be computed. The underground measuring
admits of no other method. Tables prepared from calculations, may be

Fig- 345.—Dumpy Level with Hoffman Joint.

obtained, showing this correction for every 100 links for any angle whatever.

For measuring the depths of shafts, or in making plans whose areas are required
in square feet, or it may be for plans of surface buildings or other purpose, a

chain 100 feet in length, divided into links a foot long, is to be preferred.

Chains made of steel are lighter to use than those made of iron.

The tape may be made of any length, but those mostly in use are 33, 50, 66,

or 100 feet long, and there are different ways of dividing them. The most
generally useful one is divided into feet and inches on one side and links on the

other, so that it can be used to measure either. In surveying it is used to

measure long offsets from the chain, the lengths of buildings, &c., on the surface,

where its use is a necessity in addition to the chain, but it is seldom required in

underground surveying.

j

The Spirit-Level is an instrument used in measuring the vertical distances

I

between different places. It consists of a glass tube which is not quite cylin-

drical in form, but having its diameter largest in the middle and decreasing
slightly and with great regularity from the middle to the ends. The tube is

nearly but not quite filled with spirits of wine, thus leaving in it a bubble of air,

l
which rises to the highest part of the tube and which, when the instrument is

|

adjusted, has the two ends of the bubble equally distant from the middle. A
scale is generally scratched on the glass to guide the operator in adjusting
the instrument. This spirit-level is fixed to the telescope by a joint at one
end and a capstan-headed screw at the other so as to raise or depress it for

adjustment.
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In the Dumpy level, which is the most common form used, a cross-level is

placed upon the telescope at right angles to the principal level, which enables I

the instrument to be fixed more readily, or a circular level is placed immediately#
under the telescope.

Fig. 345 shows Messrs. Davis & Son’s Dumpy level, with Hoffman patent

joint. It has achromatic lenses, and all parts are of gun-metal. Two eye-pieces

are provided with the instrument, and a tripod of polished mahogany.
In the construction of a level not fitted with Hoffman joint the telescope is

attached to a horizontal bar, and sometimes this bar carries a compass-box, which!
is convenient for taking bearings. Beneath this bar is a conical axis passing!
through the upper of two parallel plates and terminating in a ball supported in a

socket. The two parallel plates are connected together by means of this ball and
socket, and are set firm by four milled-headed screws which turn in sockets fixed I

to the lower plate, while their heads press against the under sid^ of the uppers
plate and so serve to set the instrument up truly level. Below the lower parallel

plate is a female screw adapted to the staff-head, which is connected by brass!

joints with three legs, which shut together in one round staff or may be opened
out to stand firmly on the ground, however uneven it is. The telescope has a

focussing arrangement, and near the eye-piece is a diaphragm carrying cross

hairs, by means of which the observer reads the staff.

The operation of levelling is conducted as follows :

—

Fig. 346.—Illustrating the Operation of Levelling.

Let A and B be two points (Fig. 346), and the difference of level between them
is required to be known. Place the instrument at C and adjust it in a truly hori-

zontal position. Then a levelling staff, divided in feet and decimals (to 2 places),

being placed at A, read the height of the staff there and remove it to B. The
telescope being turned round, read the height of the staff at B, and if now one

reading be deducted from the other it gives the difference of level between A
and B. The staff at A is called the back-station, and the reading taken there

is called the back-sight, whilst the staff at B is called the fore-station, and the

reading there is called the fore-sight. If the back-sight is greater than the fore-

sight the difference of level is called a rise
;

if the back-sight is less than the

fore-sight, the difference of level is called a fall. If in the above case the

back-sight read 6-42 feet and the fore-sight 10*17 feet, there would be a fall

of 10*17 — 6*42 = 3*75 feet, which, in other words, would mean that B was

3*75 feet below the level of A. When from the nature of the ground it is not

possible to see from one point or position of the instrument the two extremes,

a series of simple levels like the one indicated above must be made, the fore-

station at each plant of the instrument being made the back-station at the

next, and from the combination of all the results is obtained the required

difference of level between the desired points.

When it is required not only to find the difference of level between two

distant points, but to make observations that will enable a section to be drawn,

showing the undulations of the ground along some specified route, the stations

must be chosen so that they are at the commencement of each change in the

inclination of the ground, the distances between each station must be care-
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fully measured, and these measurements must be reduced to horizontal measure-
ments when plotting the section.

A number of sights may be taken with'the instrument from the same position

if the ground be very undulating and it is desired to note every change of inclina-

tion
;

in that case, it is usual to call all but the fore and back stations

intermediate stations, and book their staff-readings as intermediate sights. It is

usual also to assume that the starting point is so many feet (frequently ioo)

above datum line, unless some well defined datum line, such as would be obtained

from an Ordnance bench mark, is used
;
the reason for assuming the starting

point to be a certain number of feet above datum line being the convenience both
of keeping the book and of plotting the levelling.

Ordnance bench marks are the broad arrows cut on stone walls, window-cills,

coping-stones, or other prominent and convenient places by the ordnance sur-

veyors. The ordnance plan-sheets of any locality have similar arrow-marks on
them at the places shown on the plans where the marks have been cut, and, in

addition, a number printed distinctly at the arrow, thus B.M. 562*25, which indi-

cates that that particular arrow is 562*25 feet above mean sea-level at Liverpool.

These marks serve as a record by means of which subsidence or elevation of

land may be measured. The counties of Lancashire and Yorkshire, e. g., are at

present (1890) being re-surveyed by the Ordnance surveyors, and many changes
in the surface level since the original survey of 1852 have been brought to light.

At a point on the line between Warrington and Adlington, the surface is as much
as 6*523 feet lower, while the bench mark in Wigan old church has sunk 5 *82

5

feet. In the latter case the surveyors observed a subsidence of one foot in a year.

In the neighbourhood of Barnsley, Doncaster, and Rotherham, the ground has

sunk, over an area of about 100 square miles, in some cases as much as 5 feet.

Of the original bench marks on the principal lines in the two counties, 47 per

cent, have been destroyed or have disappeared, n per cent, have been moved
more than one-tenth of a foot, and only 42 per cent, remain undisturbed, that is,

differ less than one-tenth of a foot from the published levels. These changes are

no doubt the result of mining operations.

In taking levels of the surface in South Wales, we have frequently observed a

difference of a foot, or rather more, in the relative levels of bench marks at short

distances apart, proving subsidence of the land in that district.

The level is a delicately made instrument, unable to stand rough usage,

and even with care in its use is easily deranged. Before using in the field or

the mine the instrument should be thoroughly examined and its adjustment
tested.

The adjustments are for parallax, collimation, and the perpendicularity of the

telescope-axis to the vertical axis round which the instrument moves.

Parallax is shown to exist when by moving the eye about on looking through the

telescope, the cross-hairs in the diaphragm change their position and are flittering

and undefined. To correct this error, adjust the eye-piece by drawing out or in the

moveable eye-piece tube, till the cross-hairs appear clear and well defined. Then
move the internal tube, by means of the milled-headed focus-screw, until the

distant object to be sighted and the intersection of the wires, are clearly and
sharply defined. It may not always be sufficient to set the eye-glass first and

(Hhen the object-glass, it maybe necessary to adjust the eye-piece again. This
?
adjustment is made continually throughout the time of taking levels, so far as the

object-glass is concerned, as it will have to be altered at every change of distance

at which the staff is observed.

The adjustment for collimation becomes necessary owing to the diaphragm
carrying the cross-webbing getting deranged, the consequence of which is to

cause every point bisected by the hairs to be either above or below the true level

point.
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To examine and correct the collimation
;
on a gently and uniformly sloping

ground (Fig. 347), measure off a distance, A B, about 160 feet, and place a

levelling-staff, A C and B D, at each end of this distance. Plant the instrument
exactly half-way between the staves, and after levelling it, read off the fore- and
back-sights.

Whether the collimation be out of adjustment or not, the difference in the

readings obtained will be the true difference of level.

At E, about 12 feet from A C (or as near to it as it is possible to clearly dis-.

tinguish the figures and obtain a reading of the staff), set up the instrument in

line between the staves and take back- and fore-sights. In Fig. 347, J K is the

horizontal line through the axis of the telescope. F G, F H, and F Gx , F H
x ,

represent the lines of collimation for the back- and fore-sights respectively, the

two former if the cross hairs in the diaphragm are too high, and the two latter if

they are too low.

The true difference of level of the ground at the two staves or L = K B —
J A (1) ;

but K B = B H, + K H, and J A = A G, ± J G. Substitute these

c o

values in equation 1, then L = B H ± Iv H
K H

. IF
FK - J G - K H ^•

1 J G
triangles

J *

A G + J G (2), and by similar

Instead of this last expression

A E
take K H ——,

the ratio being the same, and A E and E B are the distances
E B

as actually measured.
Substitute this value of J G in equation 2 and L=BH±KH-AGT

K XT A EK H O'
By transposing and reducing

K FI = L B H + A G

± 1 -F
A_E
E B

Having thus found K H, the diaphragm must be moved by the capstan-headed

screws provided for the purpose until the reading on the staff, B D, is B H ±
K H = B I(

;
then the line of collimation will be horizontal.

If B H — A G is j

greater
j ^ l use the

j" ^ower

( less j
’

( upper
formula. To take an example, let A E = 12; E B = 120; L, or the true

difference of level, 1-53 ;
A G 3*21, and B H 5*15.

Then KH= r 53 ~ 5 ’i 5 + 3
'» = “Jii =

|
sign in the above

45

1 +
1

2

20

*9
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Now move the diaphragm till the reading of B D is 5*15 — '45 = 4*70, when
A C will read 3*17, and the instrument is properly collimated.

Another way to test the collimation is to bring the telescope over two of the

parallel plate-screws and the air-bubble to the centre of its run by moving the

screws.

Set up a staff very carefully and take a reading of it. Give the telescope half a

revolution on its own axis, before doing which it will be necessary to withdraw
the screws which hold it in place in the clips, and as the focussing screw would
otherwise prevent its rotation, remove it by means of the screws which connect the

plate carrying it to the telescope. When the telescope is half turned round in

the clips observe the staff again, which should read the same as before if the

diaphragm carrying the cross hairs is in its true position. If not, move the

capstan-headed screws of the diaphragm in the telescope until the reading of the

staff is mid-way between the two previous readings. Turn the telescope to its

original position, and if the reading still differs the operation must be repeated

by correcting half the error by means of the diaphragm capstan-headed screws.

It may be necessary to repeat the operation a few times before the adjustment is

perfect, but on completion, the readings of the staff obtained by the telescope in

its two positions must be exactly alike.

To set the axis of the telescope at right-angles to the vertical axis round which
the instrument turns, which is the final adjustment to describe, bring the telescope

over two of the parallel plate-screws and give them motion, till the air-bubble

settles in the centre of its run. Turn the instrument half round upon the vertical

axis so that the telescope is pointing in the opposite direction, and note if the

bubble settles at the same point as before
;

if not, half the error must be cor-

rected by turning the bubble-tube capstan-headed screws placed for the purpose
over the telescope, and the other half by turning the two parallel plate-screws

over which the telescope is placed. Next turn the telescope a quarter round, till

it is at right-angles to its previous position and over the other pair of parallel

plate-screws. Give motion to these screws until the bubble settles in the centre

of its run, and turn the telescope half round on its vertical axis so that the

contrary ends of the telescope may be over the same two screws, and if the bubble
does not settle in the centre of its run, half the error must be corrected by
turning the bubble-tube capstan-headed screws over the telescope, and the

other half by turning the parallel plate-screws. The operation may have
to be repeated, till, after a few trials, the bubble maintains exactly the same
position in the centre of its run, while the telescope is turned slowly, and with

pauses in the motion, all round upon the vertical axis. This adjustment, which
should be made before collimating, is then complete, and the vertical axis of the

instrument made truly vertical.

On being now set up and levelled by using the two pairs of parallel plate-

screws, so as to bring the air-bubble to the centre of its run, whatever direction the

telescope is turned in, the line of collimation moves round in a horizontal plane,

unless the instrument itself has defects in its construction.

With the instrument in this carefully adjusted state, the operator may with con-

fidence commence the necessary observations, the accuracy of which as they are

taken will depend only on his own skill in manipulating the instrument and
keeping his levelling-book.

There are many methods of keeping a levelling-book, and three different

examples are here submitted.

C.M.H. D D
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Levels of Proposed Branch Railway at Colliery,

February ioth, 1886.

Distance
in

Links.

...O

IOO

156

193

235
2§0

345
460

524

596
620

694

753
806

920

985
1,050

1,124

1,243

1,297

L 3 6 5

1,500

1,582

1,644

1,700

1,800

1,900

Sights.

Back. Inter. Fore.

...8-59

...7-27

10-15

...8-76

...9-58

12*43 ...6*04 ;

...9-78

...7-56

...6-82

...8-45

... 9*52

10*89

••• 7 ' 56 ii *53

...8*21

...9*40

...7*79

...9*65

1 r 33
12*94

i 3‘ 84
...6*45 14*00

...8*42

...9*81

n* 3 2

12-47

...9-42CO

42-87

Dilference

53
'

4 6

42-87

10*59

Rise.

I' 3 2

39

61

1 3 *47

Fall.

2 88

”•82’

1-63

1*07

i ‘37

•64

•65

1-19

i-86

1*68

i*6i

•90

•16

1*97

r 39
i* 5 i

ri 5

r 5 8

24*06

13*47

10-59

Reduced
Rise.

100*00

101*32

..98*44

..99*83

..99*01

102*55

105*20

107*42
108*16

106*53

105*46

104*09

103*45
102*80

ioi*6i

103*22

101*36

99*68

98*07

97*17

97*01

95*04

93’65

92*14

90*99

89*41

Remarks.

On — Railway

150 feet be-

low the Red
Lion Inn.

Crosses hedge.

and 100 — 10*59 = 89*41, the reduced rise.
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The following is the same levelling in another form :

—

Distance

in Links.

Sights.

Height of

Instrument.

Reduced
Rise.

Remarks.

Back. Fore.

. . . 100*00 ... On Railway,

150 feet below
the Red Lion Inn.

O..J

... IOO...

... 8'SQ ... ...io8*so ...

... 7*27 ...

jy
... 101*32 ...

... 156... ... IO’I K ... ... q 8*44 ...

...193...

...235...

...280... ...12*43 •••

... 8*76 ... ... QQ’82 ...1

... o*s8 ... ... QQ’OI ...

... 6*04 ... ...114-98 ... ... 102*^ S ...

... 6s... ... 0*78 ... ... 105*20 ...

... l80... ... 7 *s 6 ... ... 107*42 ...

. . . 244 . .

.

... 6*82 ... ...108*16

...216... ... 8
*

4 S ... ...106*^3...j ...

...414... ... Q*S 2 ... ...10^*46 ... At 340 crosses hedge.

...472 ... 10*89 ... 104*09
1

• • •‘t/ j •••

...526... ... 7-56 ... ...11*53 ••• ...111*01 .J . . . I02 *

4 S. .
. ho ...

...114...

...179...

. . 244

... 8*21 102*80

... ioi*6i ...... y . . .

. . 7
’

7Q ... 102*22 .. . . ^4-4- . • .

...ai8... ... q*6s ... ... 101*36 ...• •
• 0 •

..427 ... I I'll ... .. 99*68 ..

... 4QI ... ... 12*04 ... ... 08*07 ...'"‘ry * •••

-•-559 •

...694... ... 6*45 ...

... iVSd. ... ... 07*17 ...J ^

...I 4
-00 ... ...103*46 ... ... Q 7

#0 I ...... y /
v^x ...

... 82... ... 8*42 ... ... QS’04 ...

... 144... ... 9*81 ... ... Q 2
"

6 s ...... x 4.4. • • •

...200...

...300... ... 7-84 ...

...11*22 ... ... Q2* 14 ...

... 12*47 ••• ... 98-83 ... ... QO’QQ... yv./ yy . .

.

... 80*4 1 ......IOO... ... Q *42 ...... y ...

j

Starting po:

Deduct fall

int above dati

between star

am ... 100 feet,

t and finish 10*59
1,900 42*87 53'46

42-87

a fall of io*59 Finishing point above datum ... 89*41

d d 2
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Another form, requiring only four columns, is as follows :

—

Distance
Links. 1

Level
Readings.

1

Reduced
Levels.

Remarks.

.. . 108-30 ...

o'. 1 8-cn . ,..100*00 ...

...101-32 ...

... q8"44 ...

On Railway, 150 feet below
the Red Lion Inn....100...

...156...

... 7*27 ...

... 10*13 .. .1

... IQ 3 ..

.

... 8-76 ... ... qq'8^ .... . . •••

- 235 -
...280...

. . . 0* s 8 . .

.

77 0
... QQ'O I ..

.

y j •

... 6-04 ...

...12-43 •••

... 0-78 ...

. . I I 4 ’q 8 . . . 1

... 65...

...180...

...244...

...316...

...414...

...473...

...526...

... 103*20 ..J

... 7-56 ...

... 6-82 ...

. . . 107*42 . .

.

... 108*16 ..-.I

... 8-45 ...

... 9-52 ...

...10-89 ••

...1 1-33 ...

... 106*=: 3 ...J D •

...105-46 ...

!

. . . 104*00 ..

.

At 340 crosses hedge.

... a wy ...

... ior4q ...

... 7-56 ...

... 8-21 ...

... 9-40 ...

... 7-79 ...

... 9-65 ...

...11-33 •••

...12-94 ...

— 13‘84

... 1 4*00 ...

...111*01 ...

...II4...

..179...

...244...

...318...

...437...

...49I...

- 559-
...694...

... I02'8o ...

1

.. ior6i ..

.

. 103*22 . .

.

I

... 101-36 ..

.

... qq-68 ...yy

... 08*07 ...... y j ...

... y j
j.

j ...

... Q7'0I ...

1

4
1

... 6*43 ... ... 103-46 . . .

... 82...

...I 44 --

...200...

...300...

... 8-42 ...

... 9-81 ...

... 11*32 ...

...12-47 •••

... CK *04 ...y j ^ • • •

... 93-65 ...

... 92-14 ...

... 90-99 ...

Starting point above

datum ... ... 100 feet.

Deduct fall between
start and finish ... 10-59

Finishing point above

datum ... ... 89-41

... 7-84 ...

... 9-42 ...

1

,

... 98-83 ...

... 8941 ......IOO...

1,900 53-46 Total Fore-sights.

42*87 Total Back-sights.

Difference being
a fall of 10-59
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On comparing the three forms, it will be observed that the first requires eight

columns as compared with six in the second, and four in the last. That the

method of filling in the distances is continuously from the starting to the finishing

point in the first, whilst in the other two the distances are only continuous for one
“plant” of the instrument, and an addition made of these at the end. An
advantage claimed for the first form is that it checks every level filled in when
added up at the bottom of the page, whilst there is no such check on the inter-

mediate levels in the other methods. Against this it may be fairly claimed for the

second and third forms that there is less figuring required, and that they are more
simple than the first. It will be observed that the Reduced Levels and Remarks
are the same in all three cases

;
that in the first form the first row of inter-

mediate figures have to be subtracted from the figures under the head of

back-sight, or the latter are subtracted from the former, the result being
placed as a rise if the intermediate sight is less than the back, and as a

fall if more. The next figures in the Inter, column are either deducted
from those previously placed in the Inter, column, or else the previous Inter,

column figures are subtracted from them, and the result placed as a rise or fall.

These rises or falls are added to or subtracted from the figures in the Reduced
column all the way down the page. At the bottom of the page, or sooner
termination of the levelling, an addition is made of the Back, Fore, Rise and
Fall columns, as shown, and the difference between the Back and Fore must
agree with the difference between the Rise and Fall shown in the addition, and this

difference must also agree with the difference of the Reduced Level at the finish

and at the commencement. In the second form, taking the starting point as

being 100 feet above the datum line, and the reading for the back-sight being

8*59, it is obvious that the height of the instrument itself must be 100 + 8*59 =
108*59 feet above datum, and placing these figures in a column to itself, called

Height of Instrument, every other reading of the staff placed on the chosen
stations during the first “ plant ” are entered as fore-sights, and subtracted from
the figures m the Height of Instrument column, the result being the Reduced
Level. On fixing the instrument again, we read for the back-sight 12 ’43, which
must be added to the figures 102*55 in the Reduced Level column, and the

result placed in the Height of Instrument column. All other readings whilst the

instrument remains in its second position are booked as fore-sights, and these are

each subtracted from the figures last placed in the Height of Instrument column.

;

For the sake of clearness, the figures that have to be added at the bottom of -the

page are underlined, because all that are in the Distance and Fore columns are

not to be added together, but only those indicated by the underlining which form a

part of those columns. In practice this underlining is unnecessary in the levelling

book, because the eye easily rests on the figures to be added together, as they are

in a line with the figures in the Back and Height of Instrument columns. Besides

the underlined figures in the Fore and Distance columns, the Back column figures

must be added at the foot of the page, and the method afterwards explains itself.

If the levelling is to be continued further, the totals at the foot of one page are

carried forward to the next.

The third form is simply a modification of the second, whereby two of the

columns there used are dispensed with. Instead of having two columns forback-

and fore-sights, all the level readings are entered in one column, and the first

entered after each “ plant ” of the instrument is a back-sight, and the last the fore-

sight. A line is drawn across the first three columns after taking the fore-sight

and removing the instrument. These lines serve to distinguish the proper figures

to add together at the foot of each page. Thus, only the figures in the Level

Readings column immediately over the lines ruled are added together for the total

fore-sights, and only those immediately under the lines are added together for

the total back-sights, the rows between these extremes not forming a part of
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either addition. The Height of Instrument column is dispensed with, and the

figures really forming the height of the instrument are entered in the Reduced
Level column. These are not to be plotted, but are merely used as a basis each
time for ascertaining the levels of other stations which have to be plotted. There
is little fear of confusing these figures with those in the Reduced columns, which
have to be plotted, as the line drawn immediately over them, together with the

blank space in the Distance column alongside, sufficiently distinguishes them.
The plotting of the levelling just given will be shown later on, after plotting

instruments have been explained.

A very interesting pamphlet on “ Hints on Levelling Operations, as applied to

the reading of distances by the law of perspective, and the saving thereby of

chainmen in a level survey,” by W. H. Wells, C.E., was published in 1879 by
E. & F. N. Spoil, from which the following remarks are drawn.

The image of the staff, or any portion of it, seen in the telescope of a level

will diminish as the distance the staff is moved from the telescope increases,

according to the laws of perspective.

If when the staff is held, say, 100 feet from the telescope, the portion of the

image of the staff contained within the space A B, Fig. 348 (being the horizontal

Fig. 348.—Shifting Arrangement in the Diaphragm of a Telescope.

cross hair), and C (being the lower edge of the diaphragm), be 1*50 foot, a datum
is obtained from which can be ascertained any distance that the staff is afterwards

moved, by reading the portion of its image enclosed within the vertical space

D C. For instance, if the staff be now moved, and, on directing the telescope to

it, it is found that the portion of the staff image contained within the space D C
is 2*10

;
the distance to the staff will be found by a simple proportion sum,

thus :—As 1*50 : 2’io : : ico : 140 ;
that is, the staff in its new position is 140 feet

distant from the telescope.

Instead of using the lower edge of the circular diaphragm, a more accurate

outline of a portion of the staff image is obtained by fixing a second horizontal hair

either near the bottom or top of the diaphragm, as shown dotted at E F.

If this second hair is a fixture in the diaphragm, the surveyor must ascertain his

own datum at a distance of 100 feet, by carefully measuring out that distance on
the ground, the staff being placed at one extremity and the telescope at the other,

and then reading the portion of the staff image enclosed between the lines A B
and E F. A note of this reading is made in the survey book, and all further

levelling operations may be proceeded with without using the chain. All the

surveyor has to do after reading the staff in the ordinary way is to read and enter

in a proper column in his survey book the portion of the staff image contained

between the lines A B and E F. The distances can be worked out after the day’s

operations are finished, and this is done by a series of proportion sums.

The form of book must necessarily be altered to suit the particular method.
The following would appear to be quite clear, although it is open to the objection

of having many columns.
Datum distance, reading, say, 1*50 of the staff image = 100 feet.
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Distance Readings.

Reading
of 2nd
cross
hair.

Back. Fore.

Distance
in feet

worked
out.

A IO-32 I'73 ii5*33

B ...8-oi 74 49'33

C 10-34 •19 12-66

D ...8-93 •17 1
1
'33

E 10*17 '59 39 '33

F ...7-08 1-04 69'33

F 15-20 277 184-67

G 11-91 2-13 142-00

H ...8-55 *99 66 "oo

J
...7-18 •36 24*00

K ...8-8o •35 23'33

L 10*84 i'32 88*00

M 12*80 1-91 127*33

N 13-96 2 '43 162-00

Level Readings.

Back.

8-59

12 '43

Inter.

7'27
IO'l5

876
9'58

978
7'56
6-82

*8

'45
9'52

10*89

Fore. Rise. Fall.
Reduced
Rise.

Remarks.

100-

oo

101-

32
98-44

I-32

2-88

i*39 99*83
99-01

102-55

•82

6-04 3*54

2*65
2-22

*74

105*20

107 -42

108-16

"*53

1-63

1-07

1*37
•fi/l

106-53

105-46
104-09
TOT/I C

In this form, a line is drawn between the distances at C and J, to show the

position of the instrument, and these are ruled in the survey book, whilst the

operations are going on
;
the distances may afterwards be filled in. A line is also

drawn under the Level Readings Fore column at F, as well as in the Distance

column, and this distinguishes between the position of the instrument and the last

sight taken by it each time of fixing.

The example above shown is the first two “ plants ” of the level in the Levelling

given previously in other forms of keeping the level book, and taking distances

in the ordinary way.

It will be noticed that the reading of the second cross hair at F, after moving
the instrument, is 15*20, and with a 14-foot staff the instrument could not have

been used in this way for distance reading, unless it had been placed at a lower

level.

There are, no doubt, times when shorter sights must necessarily be taken as a

consequence of working by this system, but there is a much greater advantage

obtained from having no chainage to do, and all the distances read are horizontal

ones. Where great accuracy is desired, the distances may be chained and checked
by the staff distance readings.

Fig. 349 shows the position of the instrument when the preceding readings were
taken.

It is plain that the distances, as worked out in the level book, will be those

between the position of the instrument and the different stations on which the
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staff was held on either side of it, and this must be borne in mind when plotting.

If the distance between B and C was required, then 49*33 — 12*66 = 36*67 feet.

Similarly the distance between any other two stations maybe obtained.

An objection to having the second cross hair fixed in the diaphragm at any
convenient distance from the usual horizontal cross hair is the fact that a series

of proportion sums must be worked out before the distances are obtained. But
this objection may be removed if the instrument maker fixes to the instrument

a properly arranged diaphragm, in which the second cross hair can be moved and
regulated by the surveyor himself, by means of a thumb-screw placed either above

or below the diaphragm of the instrument.

Having this shifting arrangement, the surveyor may bring 1 foot of the staff

image in the space between the two cross hairs at 100 feet distance, or any other

portion convenient to himself. If he make the former arrangement, there will be
no proportional sum to find the distances, or only such as can be made mentally

in a moment. For instance, if the space between the cross hairs read 2*15 after

such an adjustment were made, the distance from the staff will be 215 feet
;

if *65,

it will be 65 feet.

If by means of the regulator two or more whole feet of the staff image is con-

tained between the two horizontal hairs at 100 feet distance, more accurate

«eadings will be obtained.

Another advantage of this regulator is in the facility it affords for reading the

distance to the other side of a river or other large obstruction, when the staff

figures are beyond the limits of vision. In this case, the regulator is adjusted

until either the whole staff, or a portion whose length is known, placed on the

opposite side of the obstruction, is enclosed between the cross hairs.

Without further touching the regulator, a staff is now held on the same side of

the obstruction as that on which the instrument is, but 100 feet from it, and the

figures enclosed within the horizontal hairs then noted. A proportion sum then

gives the width of the obstruction. For instance, if the regulator be adjusted to

include the whole of a 14-foot staff between the horizontal hairs, when the staff

is placed on the opposite bank of a river and the reading of the distance between
the horizontal hairs (the regulator not having been moved) on a staff 100 feet

distant from the instrument on the same side of the river is 1*45 foot
;
the distance

across to the opposite side is as 1*45 : 14*00 : : 100
: 965*52 feet.

If in addition to the regulator for adjusting the space between the two

horizontal hairs, a scale of equal parts be fixed outside the telescope, and a point

conveniently attached to the adjusting arrangement be made to move along the

scale, the amount of the space may be shown on the scale. When the two hairs

coincide and there is no space between them, the pointer on the scale would
indicate zero. Any other position of the second cross hair would be read on the

scale of equal parts. With this arrangement no staff would be required on the

other side of the river. The telescope may be directed to any suitable object

such as a tree or a house, and the space between the horizontal hairs carefully

adjusted until the object selected is exactly enclosed therein, and the reading on
the scale of equal parts noted. The instrument is then moved backwards to a

suitable distance, and from this new position the space between the horizontal

hairs is again made to enclose the same object within it. The reading on the

scale of equal parts is noted, and as the distance is increased the reading will be

less than that first taken. The distance of the first position to the object is found
by the following proportion sum. As the number of equal parts of the scale first

read minus the number of equal parts of the scale next read is to the number of

equal parts of scale at first observation so is the distance that the telescope was
moved to the distance required. For instance, if at the first point of observation

8 equal parts were noted as the space between the horizontal hairs enclosing

the object, and at the second point of observation 120 feet back from the first
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point of observation 7 parts were noted. Then as 8 — 7 : 8 :: 120
: 960 feet,

the distance required.

This last arrangement of the regulator with scale is more suitable for range

finding than ordinary surveying operations.

Mr. Wells has suggested to Messrs. Elliott Brothers, of St. Martin's Lane,

London, opticians, a contrivance which may be inserted in any levelling telescope

by boring a small hole in the tube just behind the diaphragm, which will give a

vertical space between the horizontal hairs, and adjustable by the surveyor in the

diaphragm of the telescope without interfering with existing cross hairs and a

scale of equal parts attached thereto. The surveyor can obtain this at a small

cost, and it will be so constructed that he can himself attach it to any make of

levelling telescope.

The most common instrument used for measuring angles underground is the

Miner’s Dial, also called the Circumferentor or Compass. It is fixed on three

strong legs, which should have joints to unscrew in the middle or at other divisions

to suit the height of the seam. It has a magnetic needle turning on an agate

centre, and is hung on a very fine hard-pointed pin, so that it may swing freely,

and the north end is usually distinguished by a short pin placed through it. It

has one or two graduated circles showing degrees and half degrees, and a pair of

sights fitted with hairs in an exact line with the centre of the instrument. The
best kind of dials have also verniers attached to them which read to minutes (the

’g^th of a degree), a tightening screw for clamping the lower plate by means of a

collar, and a slow-motion-screw working a rack and pinion for giving a slow

motion to the sights, by means of which angles are read without the use of the

needle, or by what is sometimes called “ fast-needle ” angles. Some dials have

a ball-and-socket joint at the neck, others have parallel plates, and more recently the

Hoffman joint has been invented and applied to others. Two spirit levels are

placed in the compass box at right angles to each other, to ensure the needle

being level when taking an observation. All modern instruments have a vertical

arc, or an equivalent arrangement, placed on them for reading the angles of

elevation and depression, but in the old form of dial this was wanting.

Fig. 350 shows Davis’s improved Hedley Dial. The improvement in this dial
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consists of an arrangement by which the bearings are taken simultaneously with
loose needle and vernier, the latter automatically checking the former, thus any
error arising from incorrect reading or from any local attraction is detected.
A telescope or upright sights may be used, being interchangeable on the dial,

as shown at A B in the drawing. The vernier is placed on the outside circum-
ference of the instrument, in which position it is easier read than when placed
inside the compass box. When the telescope is substituted for the upright sights,
it more nearly approaches the form of a theodolite, and in consequence gives a
result to the surveyor using it closely approximating to the superior instrument,
whilst its weight and size give it an advantage over that instrument for most of
the surveys required underground. The figure arrangement on the dial is

designed to inspire the surveyor with confidence in the work of surveying as it

progresses. Those marking the divisions in the compass box circle are formed
so that the readings correspond with those of the vernier circle. Both circles are
marked from left to right for this purpose.

Fig. 351.—Hoffman Joint for Dials with Fig. 352.—Hoffman Joint for Levels or Dials
Upright Sights. with Telescopes.

In place of a side arc for taking vertical angles as with the old form of Hedley,

the improved instrument has a circular box if inches in diameter, the pointer on
which traverses a dial-plate divided into 90°. It is very neat and compact, and
presents no obstacle to the surveyor when manipulating the screws.

Fig. 350 shows the improved Hedley Dial having a Hoffman patent joint. This
joint, as specially designed for Miner’s Dials without telescopes, is shown at Fig.

351, and the following advantages over the ball and socket are claimed for it.

(1) The plumb line is suspended from D, the actual centre of the dial, which
cannot be achieved with the ball and socket.

(2) The rubbing surface is some ten times greater, and therefore the joint is

far more rigid.

(3) The joint is manipulated with greater ease and despatch, a slight turn of

the milled flange, A, A, from right to left liberates the two concentric balls, B and
D, the dial is then levelled up, and a slight turn of the flange from left to right

secures the joint.

(4) Only one hand is required to manipulate the joint.

(5) The total height of the improved joint is 3 in., the ordinary ball and socket

3l in -

(6) The length of the centre is 2\ in., that of the ball and socket is barely i| in.,

thus the dial reverses with greater accuracy.
While possessing many and important advantages, the joint is no heavier than

the ball and socket.
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Fig. 352 shows the Hoffman patent joint for levels or dials having telescopes

with four screws for fine adjustment and for clamping joint.

The method of using the needle for measuring angles underground consists in

placing the instrument in the roadway leading from the shaft or other starting

point, having first removed to a distance of 5 yards on either side all iron, which

is known to deflect the needle, and having levelled the instrument, the sights of

the compass are turned to a light at the starting point, the needle having first

been liberated by a spring placed for the purpose. When settled, the needle will

point to the magnetic north and the observer has to read and note the number
of degrees the sights are lying from magnetic north, and in which quadrant those

degrees are. The number of the sight beginning with 1 is entered in the survey

book, the magnetic bearing and also the distance in links as measured from the

shaft or other starting point to the dial, as well as the angle of inclination (if

any) are also noted. The sights are then directed to a forward light, and the

reading of horizontal and vertical angles together with the chain distance between

the dial and the forward station booked. The dial is then lifted, carried forward,

plumbed under the forward station, and a light being held at the station from

which the instrument has just been removed, it is sighted through the dial, when
the angle reading observed should correspond with the reading last booked

;

if not, some error has crept in which must be eliminated before proceeding

further. If it correspond, the sights of the dial are directed to the forward light

and the reading of the needle and any angle of inclination booked, the measure-
ment from the dial to the last sighted station b then made, and noted, the instru-

ment being again moved to the forward station. The process is here repeated

and so throughout the length of road it is desired to survey. If a branch road

leading from that which has now been surveyed, has also to be included in the

survey, the surveyor, after completing the main road survey, must come back to

where it branches off, and having made a note in the survey book at the time

of advancing along the main road, such as “ mark left opposite branch road,’’ he
now makes another note to identify the new starting point, thus say, “from 350
in 1 1,” which means that the next sight following this remark was taken from 350
links in the eleventh set or sight going in. The survey may now be continued

along this branch road, and afterwards in the same way along any number of

other roads leading out of this, or other branches from the main road.

Now supposing it is required to survey from the shaft into the workings with

a Hedley dial of ordinary construction, by angles not measured with the needle,

but by the vernier, so as to avoid much labour in rail lifting.

First take out the screw which tightly holds the vernier plate to the bottom
plate of the dial and prevents the possibility of the upper and lower plates having
a separate motion during an ordinary needle survey. This screw will not be
replaced till the completion of the survey. Set up the dial at a distance from the

shaft, the farther from it the better, so long as a light at the pit bottom can be
seen. Great care should be taken that at this first point of setting up the dial,

which call A, the rails are taken up, and everything likely to attract the needle
of the compass removed to a safe distance.

The instrument having been levelled, the needle is freed, and allowed to

steady
;

after which the sights are turned so that the north end of the needle
exactly coincides with the zero point of the lower plate of the dial, while at the

same time the zero point of the vernier plate corresponds with that of the lower
plate. The bottom plate is then clamped, by means of the collar tightening screw,

the position of which is just above the ball-and-socket joint. The clamping screw
of the vernier plate (the position of which is immediately underneath the vernier)

is then slackened, and by means of the slow-motion screw (the position of which is

underneath the dial plates, and opposite the clamping screw of the vernier plate)

the sights and vernier plate are together moved until a light held by an assistant
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at the centre of the shaft is bisected through the bottom slit of the sights. The
vernier plate clamping screw is then tightened, the angle read by means of the ver-

nier to 3 minutes, or to i minute according to the accuracy of the instrument used,

and the reading booked. The vernier plate clamping screw is then slackened, and
the slow-motion screw used for bisecting through the upper slit of the sights a light

which has been taken forward by an assistant along the road to the next station B.

The vernier plate clamping screw having been tightened, the angle is read by
means of the vernier and booked. Whilst these angles have been taken in the way
indicated, the needle has remained on the zero point of the lower plate. The dial

is now plumbed, a mark left to look back to, and the needle “ locked,” after

which the instrument is removed to station B, plumbed underneath the mark
previously sighted there and set up level. The lower clamping screw must now
be slackened, but that of the vernier plate remains tightened, and a light held

at A, is bisected through the bottom slit of the sights
;
the lower clamping screw

is then tightened. Having proceeded thus far, as a matter of prudence, the

angle indicated by the vernier should be again read, and if it does not agree

with the angle last booked some slip must have occurred in carrying the instru-

ment or otherwise, and it will be necessary to repeat the operations at A. Suppose
the angle indicated by the vernier to correspond with that last booked

;
if the

needle be now freed it will settle over the zero point of the lower plate, unless it

is subject to some attraction. The vernier plate clamping screw is now slackened,

and by means of the slow-motion screw a light held by an assistant at a forward
station, C, is bisected through the upper slit of the sights

;
the vernier plate

clamping screw tightened and the angle read and booked. The instrument is

then removed to C, and the same process gone through as at B, and so on
throughout the survey. By continually sighting the back station through the

lower slit, and the forward one through the upper, the vernier is kept at the

leading end of the dial throughout the survey.

It is desirable that the survey should be constantly checked as it proceeds, and
for this purpose, after every few “ sets ” the rails should be taken up, and as

much care exercised to remove all iron, as there was at the first station of the

survey. If at any point where this has been done, after the back-sight has

been taken, the needle on being freed, instead of lying on the zero point of

the lower plate, should settle a degree or two from it; it is a proof that

either a mistake has been made in the survey or that some attraction exists,

which, perhaps, may not be easily detected. If the survey be gone over

again up to this point, and with the same result, one would be justified in

deciding that it was owing to attraction, and not to incorrect surveying, that the

needle did not settle on the zero point. It is necessary to say this, because, with

all the care that can be taken, at times there is some influence over the needle

which cannot be discovered, and the amount of that influence is indicated by
the position of the needle with regard to the zero point of the lower plate.

It may be wiser in some instances, instead of surveying in from the shaft to

the face to work from the face outwards. In others, a disused road may be taken

advantage of as a good starting point. It would be wise to do so, for instance,

where the first set from the shaft is a short one, or where iron pipes are laid, or

the shaft itself contains a great deal of iron—pumps, &c.

In this method of surveying, besides the advantage of the constant check kept

on the survey as it proceeds (by means of the needle), there is a further advantage
in all the angles taken being magnetic bearings. They are as readily plotted

as are the “ sets ” of an ordinary survey with the needle, and are as easily

converted into northings, southings, eastings and westings. In adopting it, the

angles should be written in the book continuously from o° to 360°, thus an angle

which if read by the needle would be south would be booked 180° by “fast

needle” as it is called, and N. 50° W. by the needle would be booked 310°.
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Some surveyors adopt this method of booking their bearings when taken by
the needle.

It is a very good practice to take the angles of a survey from true north in

preference to magnetic north, as the latter varies continually. Another good
practice is to have three sets of legs with lamps to fit on them and to be inter-

changeable with the dial.

It is the practice of some surveyors when working with “ fast needle," instead

of taking the angles continuously from magnetic or true north, to take the angle

that one part of the road forms with another, irrespective of the magnetic or other

bearing of the first part. But this plan is not desirable because by taking the

first sight as a base line, all the other angles have to be submitted to calculation,

in order to render their plotting easier. Or, as an alternative to calculation, a

great waste of time arises in the plotting from having to shift the protractor for

every set. In old makes of dials, however, no other course can be pursued,

owing to the incomplete appliances on the dials themselves. The method of

reducing all the angles of a survey to the original base line is as follows :

—

If the angle is less than 1800 the difference must be subtracted from the

previous angle. If it be more than 1800 the excess must be added to the

preceding angle. It should be stated, that if in following out this rule the

angle as thus reduced should exceed 360°, the excess should be taken as the

reduced angle.

Supposing the following angles to have been taken in a survey. (1) base

line, (2) 8g°2o', (3) iio° 52', (4) i92°35', (5) 2ii°2j\ the reduced angles would be

(2) 89°2o' (this of course being an angle from the base line remains unaltered),

(3) 89°20' — (l8o° — IIO°52') = 20°1 2
f

, (4) 2O
0
I2' + (i92°35' — 180

0
)
=

3 2
°
47 '> ( 5 ) 3 2

°
47 ' + (2ii°27' — 180°) = 64°i4'.

Too much reliance should not be placed on dial surveys, the horizontal angles

of which have been taken with the needle. The best form of Miner’s Dial

approaches to that of a theodolite, and the angle readings obtained are read by
means of a vernier. Being more portable than the theodolite, it may be very

usefully employed for many purposes underground, but in cases where extreme
accuracy is required surveyors use the more perfect instrument in the mine, and
rely almost altogether on it for surface work.

It is well-known that the magnetic north differs at the present time (1890) from
true astronomical or geographical north. The angle formed between them is

called the declination of the needle, and is continually changing. The declination

may form an angle either east or west of true north
;

at the beginning of 1886
the magnetic needle had a westerly declination of I7°54' at Greenwich, but is

diminishing about 8' annually. In 1660 there was no declination, and the time

will probably come again when there will be none. The declination is not the

same in all parts of .the world. In travelling west of Greenwich it increases. Two
magnetic needles have seldom exactly the same variation, so that if a needle

survey were made of the underground workings, and the surface were surveyed
with another needle, an error would arise in connecting the two if proper allow-

ance were not made for the difference of variation in the needles. The needle
is subject to periodical variations, the most important being a diurnal fluctuation

from east to west. The north end of the needle reaches its most westerly position

at about 2 p.m., and its most easterly position at night or early morning, the

difference between its extreme positions amounting to 10 or 12 minutes or more
in summer, but to much less in winter, and is irregular at times between the

extreme seasons. The average position of the needle in making its diurnal move-
ment is attained about 10 a.m., and again about 6 p.m. The fluctuation is at its

minimum near the equator and increases in advancing northwards from it. The
needle is acted on by magnetic storms, which may seriously deflect it from its

ordinary position.
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What is called the dip of the needle is its direction as compared with a vertical

line. In order that a needle may assume a horizontal position after being

magnetised, it is first carefully balanced before magnetization and is then slightly

weighted at its southern extremity. The mean magnetic dip at Greenwich in the

year 1886 was 67°27' and was diminishing annually at the rate of i'24"..

The modern form of theodolite has a telescope which can be moved round the

entire circle in the vertical plane, and is called a transit theodolite.

Fig. 353 shows Messrs. Davis & Son’s Transit Theodolite, and Fig. 354 that of

Floskold’s Miner’s Transit

Theodolite, as supplied by
Messrs. John Davis & Son,

All Saints Works, Derby.

In Fig. 3 5 3, the telescope,

with a spirit level fixed on
it, rests on upright supports,

which are of such a height

above the horizontal circles

as to admit of the telescope

turning right round on its

axis. It is provided with a

vertical circle, and by means
of verniers and microscopes

the angles of elevation or

depression are read. The
horizontal limb is composed
of two circular plates, which
fit accurately one upon the

other. The lower one is

chamfered and graduated at

every half or every third of

a degree. The upper is

called the vernier plate,

and has portions of its edge
chamfered off, so as to form,

with the chamfered edge of

the lower plate, continued

portions of the same sur-

face, and these chamfered
Fig- 353- Davis’s Transit Theodolite. portions of the upper plate

are graduated to form the

verniers by which the limb is subdivided to single minutes. Usually there are

two such verniers placed 180° apart. By means of clamping screws the upper
plate may have a motion independent of the lower plate or it may move with it.

There is a clamping screw fixed to the vernier plate for the purpose of keeping
the two plates together when tightened, or of allowing the upper plate to move
whilst the bottom one is fixed. A tangent or slow-motion screw gives the upper
plate a slow motion after the clamping screw is fastened. Similarly, a clamping
screw tightens the collar below the bottom plate, and a slow-motion screw is placed

for moving the whole limb through a small space so as to adjust it more perfectly

after tightening the collar. Two spirit levels are placed upon the horizontal limb

at right angles to each other and a compass is sometimes placed upon it in the

centre and between the supports for the vertical limb. As however, this only

allows of a small compass, the more modern plan is to fix a magnetic needle in an
oblong shaped box, and this trough compass is sometimes fixed on the telescope

on the side opDOsite the main spirit level and sometimes it is made to slide under
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the lower plate. This arrangement allows of the use of a larger and more reliable

needle. Two parallel plates with four milled-headed screws similar to those

on the spirit level are placed below the lower plate as a means of adjusting the

levels accurately before making an observation with the instrument. The vertical

limb is divided upon one side every 30 or 20 minutes and two verniers are placed

so as to read the vertical angles to

single minutes. The vertical limb
has a clamping screw and a slow-

motion screw, the former on being
tightened holds the telescope at the

desired inclination, and for more
carefully adjusting it in taking an
observation, the slow-motion screw
moves it through a small space. The
instrument is screwed on to the top

of a tripod in a manner similar to

the spirit level.

The theodolite, like the miners’

dial, and the spirit level, may have
Hoffman’s patent joint attached to

it for the more speedy setting up and
plumbing.
A good arrangement for under-

ground work is to have three sets of

legs for the theodolite and to make
these with joints that are all inter-

changeable and will accommodate
themselves to any height. A lamp
should rest on these when taking

the sights, to be afterwards lifted off

and by the substitution of bayonet
catches for the ordinary screw the

theodolite instead of being screwed
on,to the tripod head may be dropped
into position, to be as easily taken off

again after the necessary observation

has been made and carried to the

forward set of legs, whilst a lamp
is placed on the set from which the

theodolite has just been lifted.

The method of using the theodo-

lite underground is similar to that

described for fast needle surveying.

The instrument after being level-

led, and the needle liberated, is

clamped by the lower clamping screw

while the needle rests on the zero

point of the compass box, and the

upper limb is securely held to the lower by its clamping screw with the

verniers reading respectively 360° and 180°. The vernier plate clamping screw is

then slackened which allows the upper plate with, of course, the telescope and
vertical limb to move freely round in a horizontal direction whilst the lower limb

remains securely clamped. To allow of the telescope being tilted to suit any
inclination in the roadway, the clamping screw of the vertical limb must now be
liberated. The telescope is then directed to the back sight, and when the light
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is bisected by the cross hairs in the diaphragm of the telescope or nearly so, the
vernier plate and vertical limb clamping screws are fastened, and if the object has
not been exactly bisected, the slow-motion screw of the vernier plate and that of
the vertical limb bring the intersection of the cross hairs in the telescope
accurately on the object. By means of a microscope placed for the purpose,
both the horizontal and vertical angles may be read and booked

; the latter read
from o° to 90° and the former from o° to 360° and maybe any intermediate figure.

Having booked these readings the vernier plate and vertical limb clamping screws
are slackened, the lower one still remaining fast and the telescope directed to the
forward station when the vernier plate and vertical limb clamping screws are again
fastened, and the horizontal and vertical angles booked.

Having first “locked ” the needle the instrument should be plumbed so as to

leave a mark under it and removed to the forward station, but much plumbing is

saved by the use of three sets of legs. It is here fixed accurately over the mark
previously sighted, and levelled, with the vernier plate clamping screw remaining fast

in the position it occupied at the previous station, but the lower clamping screw is

liberated. When the instrument has been set up, levelled, and plumbed over the

forward station, the telescope is directed to the station previously occupied by the

instrument and the lower clamping screw fastened. During these operations the

vernier plate clamping screw has remained tight, and it is well now to check the

reading of the vernier, which at the commencement was set at 360°, to see that it

corresponds with the angle last booked. Having done this, the vernier plate

clamping screw should be liberated, the telescope turned over on its axis so as to

look the opposite way to the back station, and while the lower clamping screw
remains firm the telescope is directed to the next forward station, the vernier plate

clamping screw is fastened and the angles read and booked. The instrument

is then removed to the next forward station and the same process repeated there

and so throughout the survey.

If at any stage, after the back sight has been taken, the needle is freed, it should

on steadying point accurately to the zero point of the compass box.

The method of traversing on the surface is similar to that underground, but for

extensive surveys, the principal points should be determined by a system of triangles

proceeding from an accurately measured base of considerable length. The
details are afterwards filled in, but it would occupy too much space to fully de-

scribe surface surveying here. It may be said in passing that in filling in the
„

details, offsets are taken with a rod or tape from the traverse lines, usually at right

angles to them to all the points required to be shown in the survey, such as

houses, hedges, fences, the edges of streams, &c.

Before commencing observations with the theodolite, the following adjustments ’!

must be attended to:—for parallax, for coliimation, and adjustment of the hori- II

zontal and vertical limbs.

Parallax has already been described for the level, and the remarks hold good
j

for the theodolite.

In collimating the dumpy level, it is only necessary to test the horizontal hair, f

but in the theodolite it is essential that the point of intersection of the vertical and
J

horizontal (or other arrangement) of the hairs should be accurately in position, andj I

therefore both hairs must be tested and if necessary adjusted. First the accuracy of
|

the horizontal hair will be shown by directing the telescope to a levelling stafnl

after the instrument has been set up level, and obtaining a reading which corre-a

,

sponds with another taken when the telescope is reversed in the clips. If the
,

:

readings differ, half the error must be corrected by turning two of a group of
Ji

four capstan-headed screws near the eye-piece, which two give vertical motion a

to the diaphragm carrying the cross-hairs. The telescope may be again reversed
j

on the clips and a reading taken. If there is a difference still between it and the
j

one taken before reversing, half the error must be corrected as before, and this <
1
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may have to be repeated a few times before the readings are exactly alike. The
vertical hair must next be tested. For this purpose bisect with the cross-hairs a

distant well defined object and clamp the instrument firmly in that position. Then
reverse the telescope in the clips and note if the vertical hair passes exactly

through the same object. If not correct half the error by turning the other two
of a group of four capstan-headed screws near the eye-piece which give horizontal

motion to the diaphragm. Reverse the instrument in the clips and if the vertical

hair passes through the same object the instrument is adjusted, but if not the

operation must be repeated again and again.

To test the horizontal and vertical limbs, first set up the instrument and care-

fully level it by means of the small level carried in the upright and its companion
at right angles to it. Tighten the lower clamping screw and free the upper. The
vernier plate is then turned until the telescope is over two of the parallel plate

screws, after which the telescope is turned over in the vertical plane until the air-

bubble in the tube over it is in the centre of its run. In this position the vertical

arc is set at zero by means of its adjusting and tangent screws. Now remove the

screws which hold the large bubble-tube clips to the telescope and reverse the

bubble-tube. If the air-bubble settles in the centre of its run no adjustment will

be required, but if not correct half the error by the capstan-headed screws at

either end of the bubble-tube and the other half by the parallel plate screws.

Return the bubble-tube to its former position when the air-bubble should settle

in the centre of its run. If not repeat the operation until it does so whichever

way it is turned. The lower level in line with the telescope must be watched
during these operations to see that as it is disturbed by the parallel plate screws

in adjusting the main level it is brought truly level by means of its capstan-headed

screws, so that the two levels on completion remain true in whichever position the

bubble -tube is turned. Now turn the vernier plate a quarter round so that the

telescope is over the other pair of parallel plate-screws, while the two small levels

remain with their air-bubbles accurately in the centre of their run. Turn the

telescope over in a vertical plane until the air-bubble in the tube over it is in the

centre of its run. Set the vertical arc at zero by means of its adjusting and
tangent screws. Remove the screws which hold the large bubble-tube clips to

the telescope, if they were screwed home after the first operation, and reverse the

bubble-tube. If the air-bubble does not settle in the centre of its run, proceed as

before to correct half the error by means of the capstan-headed screws at either

end of the bubble-tube and the other half by the parallel plate-screws. Return

the bubble-tube to its former position when the air-bubble should settle in the

centre of its run. If not, repeat the operation until it does so, whichever way it

is turned. The lower
,
level in line with the telescope must be watched during

these operations, and as it is disturbed by the parallel plate-screws in adjusting

the main level, it is brought truly level by means of its capstan-headed screws, so

that the two levels on completing the adjustment remain true whichever way the

bubble-tube is turned.

This adjustment may be more easily made without removing the bubble-tube

from its ordinary position, by turning the vernier plate on its vertical axis till the

telescope points first in one direction and then in the opposite over each pair of

parallel plate-screws.

Now turn the vernier plate slowly round in a horizontal direction until it returns

to the position it started from when the main air-bubble and the small one in line

with it will remain in the centre of their run throughout the movement. If the

other small level air-bubble at right-angles to the main one is disturbed during

the motion, it must be adjusted by means of its capstan-headed screws, and the

trial repeated until all three air-bubbles remain in the centre of their run during

the revolution of the vernier plate.

C.M.H. E E
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The vertical arc is then perpendicular to the horizontal limb and the other

adjustments being perfect the instrument is ready for use in the field or the

mine.

Of the instruments used for plotting, the protractor is one of the chief. A
very useful form for working out geometrical problems is the small 6-inch

ivory or box-wood protractor usually supplied with a box of mathematical

instruments. Besides the divisions of degrees round three of its edges, it has a

scale of chords and other scales on it.

For plotting surveys the protractor is usually a complete circle of brass, the

centre being marked in some definite manner and the circle divided into 360
degrees, there being in those of large size divisions to show 15 minutes or J
degrees on them. Another form of protractor is the semi-circular. This is

divided into 180° and has a folding arm with a vernier reading to single minutes.

The method of using it is to place its straight edge against a T-square, the paper

for plotting on having first been secured to a drawing board, and the T-square
being moved along the board in parallel lines, forms a meridian to work from.

Any desired angle may then be marked from that meridian by the protractor

whose straight edge is kept close against the T-square. The best form of pro-

tractor is the circular, having folding arms with prickers, and two verniers

placed 1800 apart, which read to single minutes. Fig. 355 shows this kind
of instrument as made in brass, or electrum, by Messrs. John Davis & Son,

|

Derby. A clamping screw secures the verniers at any desired reading, and a

slow-motion screw is fixed on it for the more accurate adjustment to odd minutes. I

A magnifying glass should be held in the hand whilst adjusting the verniers.

On their being placed in any required position each arm is lightly pressed on the

paper, a puncture being left by the pricker under each arm, and these punctures^

should be numbered in accordance with the survey-book. A good plan is to

mark only the punctures from one of the arms on first taking off the “ sets/' and
then as a check to mark all the “ sets ” a second time, using the other arm tof

form a fresh set of punctures, each of which would be 180° from the first. The
parallel ruler, on being placed so that its edge is in a line with the two punctures®
of any one set, should also be in a line with the centre mark over which the cenirejl

of the protractor was first placed, and if not, this indicates an error, to correct!

which the protractor must be placed on the paper again. ; i

The best form of parallel ruler is made of brass or electrum, and runs on
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milled wheels. It should be 2 or 3 feet long and sufficiently heavy to roll truly

over the paper. Unless a parallel ruler is of the very best design and construc-
tion it is much better not to use it, but 10 rely more on a couple of large-sized

set-squares which must be very true and accurate for getting parallel lines. The
method of using these to obtain parallel lines will be understood from Fig. 356.
Let it be required to draw a straight line parallel to A B. Place the edge of one
set-square, C, against the line, and place the other set square, D, against the first

;

hold D firmly down and move C along the edge of D, and a parallel line will be
obtained as shown in the dotted line

;
if lines are required at right angles to

that parallel, it is only necessary to hold C and place D on it as shown in

the dotted portion of the figure. Parallel lines may also for some purposes
be obtained, as shown in Fig. 357, by sliding a set-square along the edge of a
T-square.

Whether set-squares or parallel rulers are used for the plotting, care should
be taken after the line is drawn to run the square or the parallel ruler back

356.—Drawing Parallel Lines with the Fig. 357.—Drawing Parallel Lines with a
Set-squares. T-square and Set-square.

to the punctures indicating the set, as a check that the line has been rightly

placed.

Scales of equal parts are used for measuring straight lines and laying down
distances. A very common scale for colliery plans is two chains to one inch,

and the Mines Act, 1887, states that these plans shall not be kept on a smaller

scale than that of the Ordnance Survey of 25 inches to the mile, or -g-gVo* A
good form is to have a scale 2 feet long, of box-wood or ivory, and marked in

links on one side of the scale and correspondingly in feet on the other. A small

offset scale about 2 inches long, similarly marked, is useful for plotting the offsets

of surface surveys.

The form of survey-book is a matter of some importance, as the booking of

surveys should be methodical and clear, so that the survey could be re-plotted, if

necessary, years afterwards. The practice of entering surveys carelessly, and
trusting a good deal to memory in supplying deficiencies of booking, is much to

be deprecated, as great importance may attach to a survey long after it has

been made, and the survey-book, on being then referred to, should be as easy

to read as at the date of survey. Instead of first writing at the beginning of

the book and working down the first page, and then passing on to the top of

the second page, the surveyor begins to fill in a survey at the end of the book
and on the last line of the last page, writing upwards to the top and then passing

to the bottom of the last page but one and writing up it. There are different

methods of ruling a book, but the simplest appears to have one or two lines

through the middle of each page, which represent the chain line as the survey

E E 2
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proceeds. The following is given as an example of an underground survey,

showing the method of keeping the book and of plotting the survey :

—
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4:26 End of Engine Plane

2 5 71
° 19'
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7:39
2 55 i° 49

'

Fall (|2) L 9
o

5jo8

256!° 33'

Fall (ji) L io°

transit theodolite.

1

9

0
30' W. Commenced at No. 1 shaft, the survey being made with a 5-inch

1886. All horizontal angles are from true north, the magnetic declination being
plane and into the face of the workings on the Four feet seam. February 12th,

Survey made at the Colliery from the No. 1 shaft along the engine-

The number indicating the set is written on the central line and enclosed withj

a ring, whilst the vertical angle is written on a line with it, in the example given!

showing at a glance that the engine plane dips from the shaft about 6 inches per\

yard. The horizontal angle is then booked, and this shows that the first part of the :

1
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road makes an angle with the true north of 256° 33', and the length of the part

of the road which makes this angle is 508 links, and so on with the other parts

of the road. Had a Miner's Dial been used and needle bearings taken, if its

magnetic variation agreed with the theodolite needle, the horizontal angles would
have read as follows :—(1) 360° — (256° 33' + 19

0
30') = 83° 5 7', or N 83° 57' W;

(2) 360° - (2 5 5
0
49' + 1 9° 30') = N 84° 41'W

; (3) 360° - (257
0

19' + 19
0

30')

= N8 3°ii'W; (4) 360° - (265° 47' + i 9
0
30') =N 74°43' W; (5) 360° -

(297
0

10' + 1

9

0
30') = N 43

0 20' W; (6) 360° — (303° 18' + 19
0

30') =
N 37

0
12' W; (7) (345 ° 58' + 19° 3°') ~ 360° = N 5°28'E; (8) (197

0
15' +

19
0

30') - 1 8o° = S 36° 45' W; (9) (198° 22' + 1

9

0
30') - 180° = S 37°52'W.

The paper used for permanent colliery plans is worthy of more attention than
it receives

;
for after all possible care has been taken with it, it is subject to a

certain amount of shrinkage. The paper should be well mounted and be
properly seasoned before it is used. It is much better to show a true north line

on these plans rather than a magnetic north, for the true north will not change,
and either the instrument may be adjusted from time to time to read angles from
the true north when making a survey, or the protractor may be placed by the

true north point in such a way as to make allowance for the declination at the

time of survey. A good plan is to have a number of faint lines dividing the

plan into squares of, say, 10 acres area each
;
that would be 10 chains to each

side of the square. One of the series of lines would represent a true north and
south line, the other series east and west lines. These lines should be carefully

put on with a long steel straight-edge, divided into inches and tenths. The
squares will assist in any computation of quantities that may afterwards be re-

quired, and also any plotting that may be done either from a computation of the

northings, southings, eastings, and westings of a survey, or in the ordinary way.

Having a plan-sheet of suitable size divided by lines as indicated, the surface

surveys should be plotted on it, the boundary lines and pits inked in, and a dis-

tinctive marginal colour run round the different royalties which form the taking.

The underground surveys of one seam should be afterwards plotted on this same
sheet. If more than one seam is being worked it is better to have a separate

plan-sheet for each seam rather than attempt to show the workings of two or

three different seams on one plan as is sometimes done. To save plotting the

surface survey again, a careful tracing may be made of the surface lines and
transferred to one or more sheets. In this way there may be as many plan-sheets

as there are seams of coal working, all having the same boundary lines and
relative position of pits, but with the underground workings shown clearly for

each seam.
There is not always sufficient care taken in making or extending colliery plans.

The most complete not only show the underground workings and roads, but also,

by distinctly coloured lines, the position of all faults, with the direction and amount
of their throw

;
air-crossings, inclines, engine-planes, main doors, the position of

engines and boilers
;
the direction of main and minor currents of air, and the flow

along water-courses. Old workings and drowned wastes should have special

colours on them, and in districts much disturbed by faults the plans should be sup-

plemented by sections, the lines of which are indicated on the plans. Few plans,

however, have all possible information on them. This may be excusable in mines
in which the arrangements are in an experimental stage and subject to constant

alteration
;
in a large number, however, which have arrangements developed and

are not subject to much disturbance, these particulars are neglected. Again, con-

tour lines should be shown, or the levels of the roadways marked in some clear

manner, as these are always useful and may be most valuable hereafter. Contour
lines are simply lines joining places of the same altitude. Thus it may be decided to

show a contour line at a level of 50 feet above the pit bottom, another at 100
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feet, another at 1 50 feet, and every other 50 feet, or contour lines may be marked
at every change of 10 feet or other number according to circumstances. By
levelling underground, these points of equal altitude in the different roads are

ascertained, and afterwards connected on the plan by faint dotted lines. Or, if

contour lines are not marked on the plan, the levels may be written neatly and
clearly about the plan on all main roads. They show at a glance the probabilities

of water taking certain directions
;
whether the coal has to be hauled up or down-

hill to the shaft, and direct the manager’s attention to parts of the road which
probably may be improved. A record of this sort on one seam becomes a very

valuable guide in directing the operations on another, the workings of which
may follow over the same ground, and in the case of abandoned collieries, plans

containing such information are of the utmost assistance to a neighbouring venture.

The Mines Act, 1887, renders it not only necessary to survey the workings and
extend the plans in accordance therewith at least every 3 months, but also to

show the general direction and rate of dip of the strata, together with a section

of the strata sunk through, if the last be reasonably practicable.

To plot the survey by the protractor and parallel ruler, place the protractor as

-stated on one of the lines representing the true north and south meridian of the

plan
;

if the angles of the survey were taken from the true north make use of

the parallel meridian line which is most convenient. The protractor would be
placed with its zero point on the north end of the line and with its centre

on a continuation of the same line where it crosses one of the parallel lines

at right angles to the meridian. A continuation of the same meridian line

southwards will coincide with 180° on the protractor. The numbers of the

sets should be then pricked off, each being twice marked, supposing a good
protractor with folding arms to be used. A magnifying glass is held in one
hand (the survey-book lying open on the plan), whilst with the other the vernier

of the protractor is set at the angles, corresponding with those of the survey-book.

The best plan is to mark all these off with only one of the prickers the first time,

and then to go through them either backwards or forwards a second time and
use the pricker on the opposite folding arm as before remarked. Should any
error arise it will be discovered from the fact that a straight line between the two
prick marks of the same set ought to cross through the centre point of

the protractor which, in laying on the plan as stated, should be at the intersection

of two of the lines referred to. The parallel ruler is then used and placed in a

line with the two punctures representing the first set, and taken in a truly parallel

course by means of its rollers across the paper to the point from which on the

plan the first set was taken. A pencil line is carefully ruled of a reasonable

length
;
by looking at the survey-book some judgment of this may be formed, but

it is better to draw it long enough as the extra length not required maybe rubbed
out afterwards. The parallel ruler is now carefully moved back to the punctures
at which it was first set, and if it corresponds with these the line will be truly

drawn. If not, take the line out with india-rubber and repeat the operation.

The operator must be careful not only to place the lines truly parallel with the

set-marks but also not to reverse any of them and rule them on the plan in

the opposite direction to which they should be. The scale may be now laid

down to the line drawn and the length taken from the survey-book having first

been subjected to the proper deduction for the vertical angle (if any) the hori-

zontal length is marked on the line by a puncture, a pencil ring made round it,

the number of the set written in pencil near the ring, and the excess of the line

beyond the ring is taken out with india-rubber. The parallel ruler is then placed 1

truly by the punctures representing the next set and brought in a carefully parallel
J

line to the ring at the end of the line forming the first set. A pencil line is again
ruled from this ring in the proper direction and the method of procedure cor-
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responds with that described for the first set, and so on throughout the survey,

taking care that if a remark “ from in set ” appears in the survey-book

that the plotting proceed from the point indicated. The pencil used should be

finely pointed and fairly hard—an H.B. is very suitable for the purpose. As
these pencil lines represent the centre of the road (it being impossible to fix a

surveying instrument right in the side of the road) it is customary, instead of

inking in a single line on the plan representing the centre line, to rule two lines

representing the sides of road, and these should be inked in at equal distances

from the centre line which is shown in the plotting. Indian ink and a proper

drawing pen are used for the purpose of inking in. Fig. 358 shows the plan of

the survey before alluded to.

It is highly desirable that, wherever practicable, surveys should have proof of their

accuracy by what is called “ ties.” A traverse survey commencing at some well-

defined point on the surface may always have a “ tie,” that is, it may be closed at

the starting point, and although it entails a little more labour where a doubling

back and returning along a different route is resorted to, it may be well worth the

labour. If such a survey be accurately made, on plotting it, the end of the last

“ set” line will exactly reach to, and coincide with, the beginning of number one
“ set ” line. Similarly there may, where convenient, be intermediate checks or

ties, taken from any one point of the main lines to others, and these checks

on plotting an accurately made survey strengthen the proof of accuracy in the

whole. If a slip has occurred in conducting the survey, on plotting, it will be

discovered by the “ set ” lines not truly fitting where they should, and the error

now known to exist must be discovered or a fresh survey made.

Again, a “ tied in ” survey may be tested by Euclid, for, “ The sum of all the

interior angles of any rectilinear figure, together with 4 right angles, are equal to

twice as many right angles as the figure has sides.” This is not so thorough a

test as the plotting, because it checks only the angles taken and not the chainage,

still it may sometimes he useful. For instance, it may be applied where the
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plotting proved an inaccurate survey, and if the angles are found to be

correct as surveyed, the error or errors must be in the chainage.

Underground workings do not afford the same facilities to “ tie ” surveys as are

obtained on the surface, for however tortuous their course, the roadways must be
traversed. Frequently, however, a “ tie ” can be obtained by following a roadway
from its junction with another road until by means of branches the first-

mentioned junction is returned to.

Advantage should be taken of

these checks wherever they can
be obtained.

Fig. 359 shows an underground
survey “tied in” in the manner
described.
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The plotting of this survey proves it correct, but as an example for testing

other surveys, the accuracy of the angles taken is proved below by calculating

all the interior angles at the numbers of the “ set” lines.
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Fig. 359.—“Tied in” Survey.
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1800 — (214
0
33' — 176° 55') = 142

0 22' Interior angle at 8

1800 — (176° 55' — 163° 12') = 1660 17' „ 7

1800 + (178° 58' - 163° 12') = 195
0
46' „ 6

1800 - (178° 58' - 170° n') = 171
0

13' „ 5

180
0 - (170° 11' - 134

0
27') = 144° 16' „ 4

1800 - (134
0 27' - 113

0
26') = 158° 59' „ 3

180° - (113
0 26'

-

99° 51') = 1660 25' „ 2

180° + (109° 25' - 99° 51') = 189° 34' „ 1

Total Interior angles 3,600°

Add 4 Right Angles 90° x 4 = 360°

Total 3,960°

No. of sides.

22 x (90 x 2) = 3,960°

In plotting sections of considerable length the horizontal distances are not

laid down on as large a scale as is necessary for the vertical heights above datum.

A horizontal scale of 4 inches to the mile with one of 100 feet to 1 inch for the

vertical scale is frequently used. In the following plotting of the levelling
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Fig. 360.—Plotting of a Levelling.

previously given to show the form of levelling book, a horizontal scale of

chains to 1 inch and a vertical scale of 150 feet to 1 inch have been adopted, but

of course for a levelling of this length a much larger scale may be used.

It will be observed that A B, Fig. 360, is ruled for the datum line
;
on it are

set off from A, the horizontal distances at the points, C, D, E, &c., according to

the horizontal scale and through the points, C, D, E, &c., are drawn lines Cc, Dd, Ee,

&c., perpendicular to A B : on these lines are set off the vertical distances to the

points, c, d
,

e, &c., according to the vertical scale of 150 feet to 1 inch, and the

line, c, 2, passing through all the points, d, e, f\ g, h, 1, &c., will represent the

surface of the ground levelled over.

Different practices prevail in different parts with reference to the colouring of

colliery working plans. In nearly all, however, the different boundaries have a

thin edging of distinctive colour run round them in order to distinguish

which particular taking the workings are advancing under, and to facilitate a

calculation of the areas worked from time to time under that particular territory,

as well as to draw attention to the near approach of workings to its extremities.

The method of calculating these areas consists in dividing them into a series

of triangles by ruling pencil lines on the plan, or on a tracing of the areas

taken from the plan. The area of each triangle is obtained separately by
multiplying the base by half the perpendicular height as measured by the scale

on which the plan is made, and an addition of these separate areas of triangles

gives the total acreage. It is usual to measure these triangles in links, and as



426 surveying and planning.

there are 100,000 square links in an acre, by pointing off 5 places of decimals,

the result is obtained in acres and decimals. The decimal portion is then

multiplied by 4, and five places of decimals marked off to the right again, any
figure there may be to the left of the decimal point denoting roods. Again,

multiplying by 40, and pointing off five decimal places, the figure or figures on
the left of the decimal point will be perches. For example, suppose the

acreage of some workings on the plan consisting of three triangles of the

following measurements is required :

—

Base. Perpendicular.

(1) 422 links 126 links

(2) 5^ „ 2 3 8 »

(3) 321 92 „

For (1) 422 X II *26586

(2) 562 X 238 _
2

•66878

(3 ) 3 21 X 9_
2 =
2

•I4766

1*08230

4

•32920

40

[3*16800

The area is thus ascertained to be 1 acre, o rood, 1
3* 168 perches.

If the amount of coal contained in that area on a 4-foot seam is required,

proceed thus :

—

The difference in the specific gravity of coals obtained from different seams
causes authorities to give different methods of calculating the yield. Newcastle !

coal is taken as weighing *936 of a ton per cubic yard, or at 1,510 tons per foot

thick per acre. An easily remembered rule is to take 1 20 tons per inch thick

per acre (in cases where the specific gravity is not stated), but this is not quite so I

much as 1,510 tons per foot thick per acre. A liberal allowance is usually made
in any calculations of this sort for loss in working and faults, and the amount
of deduction will depend much upon the prevalence of faults or otherwise over

the area to be calculated, from -|4h to Jrd being usual. Adopting 1,510 tons

per foot thick per acre, then 1,510 x 4 x 1*0823 = 6,537 tons; from which
deduct Jrd, and there are 4,358 tons as the probable yield under the area

calculated. If the seams lie at a high inclination, allowance must be made for

it in calculating the quantities.

In some plans the workings have a different colour for each year’s work put on
them, others have only one colour, which is extended from time to time

;
the

date of the survey is neatly printed on these, indicating the face at that time, and
f

the colour is added on the workings as they advance from time to time
;
others 1

again are not coloured at all. As a general rule, the less colouring the better,

because moistening tends to shrink the paper.

In setting out the curves on the surface for the colliery railway much care must
be exercised. If the sidings are to be cleared by the railway company’s loco-

motives, the radius of the curves on which these are allowed to work by the Com-
j

pany’s regulations must be ascertained, and the curves given a sufficiently long '

radius to meet such requirements. Much thought and some preliminary surveys
may be wisely undertaken before constructing the railway, so that the best route be
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selected and adopted. This route when decided on should be shown on the plan

prepared for the purpose by marking on it, with a distinctive colour, the centre line

of the proposed railway. This centre line must then be staked out on the ground

and the levels taken along its course. From the levels taken a section is plotted,

the various gradients decided on, and the amount of cutting and embankment
ascertained and marked on the section.

If the survey of the land has been accurately made, no difficulty will arise in

setting out the centre line of the railway on the ground. Measurements from

the intersection of fences and other points may be used to fix the termination of

straight portions of the railway, but the curves will require very careful treatment

in pegging out.

One method of setting out curves on the ground is shown at Fig. 361. A
dozen ranging rods, shod with iron, a couple of plumb-bobs, a surveyor’s measur-

ing rod, a Gunter’s chain or

steel measuring band, and
the marking pegs will be
required. The curve extends

from the point B to K in

Fig. 361, A B being the

straight portion of the rail-

way at one end of the

curve, and K D that at the

other end.

By examining the plan in

the office before going on
the ground, the radius of

the curve and the offset re-

quired in the setting out may
be ascertained.

From B on the plan, draw the line B E at right angles to A B on the inside

of the curve for any length. From K also draw K E at right angles to D K, till

it intersects B E at E. E then is the centre of the curve B K, and the radius may
be measured off by means of the scale. Divide the arc B K, into equal distances,

B C, C J, &c., of a chain, or thereabouts. Continue the straight line A B to F,

B C2

and make B F = B C. Then the offset from the tangent F C = 7—.
Join B

2 radius

C, and continue the straight line to H. Make C H equal to C J. Then the

C T

2

offset H T = —-4— . All the other offsets will be the same as H T through-J
radius

J

out the curve to its end at K, but an additional one beyond the curve must be
made to fix the position of the straight line K D. This offset M G is the same as

F C, and is just one half the others.

Assuming the radius E B to be 20 chains, and the equal divisions along the arc to

be one chain long, thenF C ==
IO— =2*5 links, or expressed in feet 4— =

4,coo 2,640

1 foot 7*8 inches. H T = c links, or expressed in feet— ^ = 3 feet 3’6
J

2,000

3

^ 1,320
0 0

inches. The offset to be used throughout, then, is 3 feet 3^6 inches, except F C
and M G, which must be half this, or 1 foot 7*8 inches.

Proceeding to the ground on which the curve is to be set out, first fix a ranging
rod at A, another at B, and then in exact line with A B fix another rod at F, one
chain from B, or such other distance as was decided on in dividing out the

curve. Mark off the offset, 1 foot 7*8 inches, F C, and carefully test that the

length of B C = B F. C then is the first point in the curve.

To determine the next, a rod must be set up at H in exact line with B C,
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making C H equal in length to B F. Mark off the full offset of 3 feet 3*6 inches at

H J, making C J = C H. A similar mode of procedure is carried on until coming
to K, the remaining offset after this being M G, and is only 1 foot 7* 8 inches. The
continuation of K G to D gives the straight piece at that end of the curve.

Another plan of setting out curves is shown at Fig. 362. The country must
be open to admit of its adoption. A B and D C are two straight portions of the

proposed railway communicating with each other by a curve B C, of which E is

the centre. A theodolite is set up at B and directed towards F, which is one

of the even divisions into which the curve is divided. The angles F B G,

G B H, &c., being equal when B F, F G, G H, &c., are all equal, the surveyor

stands at the theodolite and sets off these angles, and directs two assistants with

the chain where to set up the rods G, H, &c.

There are other methods of setting out curves, but that first described is the

most commonly adopted, and it is applicable to the underground roadways
when these require to be driven with a curve.

The curve separating two sections of straight railway may not proceed from a

single centre. Fig. 363 is an example of this, where the curve B E is described

from the centre F. The curve E D is continued with an increased radius, and to
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determine its centre before describing it join E F and continue the line to H,
making H E the desired new radius. From the centre H, describe the curve

E D. The continuation of the railway D C must be at right angles to H D.
If an S curve is required as shown at Fig. 364, draw D G at right-angles to

C D, and make D G equal the radius of the curve. From the centre G, describe

the curve D F. Join G F, and continue the line to E, making E F equal the

radius of the second curve. From the centre E, with the radius E F, describe

the curve F B. The straight continuation of the railway, A B, will be at right

angles to E B.

If an underground roadway has to be driven with, say, a 50-yard radius, the

necessary offset must be short, as the roadways are narrow. The equal divisions

of the curve must be short; in this instance take a yard. The first offset then,

i
2

= -oi of a yard, or *36 of an inch, and all others, except the last, will
2 x 50
be double that. Bearings may be placed in the roof in a similar way to

ranging the rods on the surface, but the bearings will have to be frequently

changed, as the driving cannot proceed far with one instalment of them.

With regard to making geological sections, the mode of procedure is first to

select the line of section, unless this is already some particular line which must
not be deviated from. The line chosen will be influenced to a certain extent

by the information afforded by different routes, keeping the line, however, as

straight as practicable.

Perhaps by slightly deflecting from the straight line useful information may
be made available by including the results of pit sinkings or workings. If,

however, it is necessary to make a section from one given point to another

in a direct line, which is unalterably fixed, the best must be made of the

circumstances, and such information as can be obtained, used. A surface

levelling between the two points may then be proceeded with, and plotted on a

suitable scale, determined by the length of country over which the section

extends, and the purpose for which it is required. On this plotting would be
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shown the surface levels of the different pits crossed, and all other prominent
objects. A careful scrutiny of the ground, quarries, cliffs, railway cuttings, and
an examination of the fossils obtained from the rocks, &c., may then follow

;

the classification of the strata noted, with the amount of dip or rise in the
direction of the line of section, and the direction of dip. By this means it is

possible to calculate the thicknesses of the different rocks, and to plot them
below the surface line pre-

viously shown on the draw-
ing paper. In colliery dis-

tricts, the pit sinkings and
workings enable the sur-

veyor to show the position

of the seams of coal, the

different strata, and also the

faults met with, all of which
require to be drawn.
The section is outlined in

pencil, and afterwards inked

in with Indian ink, the main
lines being shown in black,

the faults with some other

striking colour. Coal-seams
are shown with bold, thick

black lines, and the dif-

ferent strata are distinctly

coloured. When the colours

are all dry, the names of

the coal-seams may be
neatly printed over them,
and either a reference

printed in a corner of the

paper identifying the strata

represented by the different

colours, or the names of the

strata may be printed on
them without using a refer-

ence. A title or heading is

then printed along the top

of the paper explaining the

nature of the section and its

scale or scales drawn or

given.

A very convenient in-

strument for ascertainingFig. 365.—Louis’s Improved Davis’s Clinometer.

the necessary particulars is

Louis’s improved Davis’s clinometer, made by Messrs. John Davis & Son, of

Derby, and shown at Fig. 365. In it a compass is placed in the lower portion

of the clinometer frame, where it is carried by means of pivots on a brass arc,

which may be revolved in the frame. This allows of the instrument being laid

on strata of any dip, the rate of which will be ascertained by raising the upper
portion of the clinometer frame until the air-bubble of the spirit-level placed
on top is in the centre of its run, as shown in the drawing. The angle of dip
may now be read by means of the graduated arc, whilst its direction is obtained
by giving motion to the compass-box till it assumes a horizontal position in

the under portion of the frame, and then reading the needle-bearing. The strike
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of strata is usually determined by first ascertaining their maximum dip, and the

compactness of this instrument allows it to be readily turned whilst readings are

taken to fix the exact direction of dip in any one place. The bubble of the

lower limb is mounted on a swivel, and this enables the instrument to be levelled

both ways without being reversed. The compass-box is reversible in the under
portion of the frame. The size of the clinometer is 6f inches long X \ inch
wide x 3 inches deep, and weighs 1 lb. 2 ozs. It is provided with a tripod with
ball-and-socket joint, 3 feet 10 inches long, and weighing 1 lb. 8 ozs. When

c

1,600 YARDS

Fig. 366.—Driving to Air-shaft.

attached to the tripod it may be used as a Dumpy level where great accuracy is

not required, or for ascertaining the inclination of a sloping adit, or undulations

of the ground.

The following questions and answers, with which this chapter will be concluded,
are such as are asked at examinations.

Question 128.—It is desired to drive from A to B, a distance of 1,600 yards
(horizontal measurement), the driving to rise an inch in every 60 feet, and
to put down an air-shaft, C B

;
what will be the depth of the shaft if its

mouth is 350 feet above the level of A?

The driving would rise
1600

20
= 80 inches

(see Fig. 366), and 350 feet — 6 feet 8 inches

depth the air-shaft C B must be sunk.

6 feet 8 inches between A and B

= 343 feet 4 inches, which is the

Question 129.—What would be the variation of a plan's meridian when the

bearing of two objects thereon with its meridian is N. i3°E., and the

bearing of the same two objects on the surface is found by an instrument

whose needle has 19
0
of West variation to be N. 8° E. ?

The objects on the surface will form a bearing with each other of N. n° W.
by the true meridian, therefore 13

0 + 1
1° = 24

0
,
and the plan's meridian has

2

4

0
of West variation.

Question 130.— State in what way errors should be prevented from arising

on plans owing to the variation, if the meridian shown on that plan be
a magnetic one ?

A surveyor should have some fixed points on the surface at long distances

apart, one of which may be some prominent object, such as a church spire, and
the other a stake driven into the ground in a convenient position to himself, free



432 SURVEYING AND PLANNING.

from all influence likely to deflect the needle. Periodically he should fix his sur-

veying instrument, by plumbing it over the stake, and take the magnetic bearing
to the other object. By keeping a record of these at different dates he can make
allowance when plotting his surveys for the alteration in the variation. It is a
good plan to make an observation of the sun from the same stake, by doing
which he can fix the true north point and find the angle made between it, the

position in which his instrument is, and the other prominent object referred to.

Having once established this, he may at any time afterwards find the difference

between true and magnetic north. If he is in the habit of making surveys at

places far apart, allowance must be made for the difference in longitude of those

places.

Question 131.—Describe any method for finding the true meridian ?

In Lintern’s Mineral Surveyor and Valuer s Guide,* the following method
for finding the true meridian at any place whose latitude is known, is described.

The method is by equal altitudes of the sun or a fixed star. “ The theodolite

being fixed in a position selected as one of the points in the desired line, measure
the horizontal angle from the said line to the sun or fixed star (whichever is

used), when it is not near the highest or lowest point of its apparent daily course,

and take also the altitude, adjusting the intersection of the hairs of the telescope

to it, in some marked and definite manner. Leave the limb clamped, and let the

instrument remain quite undisturbed until the sun or star is approaching the

same altitude at the other side of its apparent circular course. Then, without

moving the body of the instrument, unclamp the limb, and again direct the

telescope towards the same object, and follow it with the aid of the tangent screw
until the cross-hairs correspond precisely as before with the same relative position

upon the disc of the object, as in the first observation
;

this being done, read off

the horizontal measure of the angle between the assumed line and the new
direction of the observed object

;
the mean between the two horizontal angles will

define the position of the true meridian, if a star has been observed.
“ If the sun has been observed, a correction is required in consequence of the

sun's change of declination. When that declination changes towards the north,

the approximate direction of the meridian, as found by the foregoing method, is too

far to the right
;

if declination changes towards the south, it is too far to the left.

“ The required correction is found by the following formula :

Change of sunWpparent declination
x gec , atitude x c0_sec . f angu , ar

motion of the sun between the observations."

An example will now be given showing an application of the method. Date
of observation, July 20th, 1886. By consulting the nautical almanack for the

date given, the sun’s apparent declination is stated to be changing towards the

south at the rate of n' 28" per day. Time between the observations, which were

taken in Springfield garden, Pontypridd, 6 hours. Change of apparent declina-

tion for six hours = 1
1

' 28" x — = say 3'. Theodolite fixed over a stake in
2 4

,
;

the garden, from which Pontypridd church spire was observed. The upper plate *

being securely clamped to the lower, with the vernier at zero, the instrument was
directed towards the church, and the lower clamping-screw tightened with the

hairs of the telescope correctly bisecting the top of the church spire. This being a

done, the upper plate was loosened, and an angle from the church to the sun f

obtained at that time, 9.15 a.m. Reading, 269° 52'. At 3.15 the upper clamping- 1.

screw was slackened, and the telescope, with the vertical limb undisturbed, 11

directed to the sun
;
on its edge appearing in contact with the hairs of the

\

London : Crosby Lockwood & Son.
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instrument, the reading of the angle was recorded as 41
0

45'. The angle con-
tained between the two readings therefore was (360 — 269° 52') -f 4i°45' =
131° 53

'*

For the correction we have

—

Log. of f' = 90" = 1*954243

„ sec. 51
0
36' 15" (N. latitude of Pontypridd) = 10*206845

„ co-sec. i of 13 1° 53' . = 10*039467

2*200555 = Log. of

158*7, or say 2' 30". Therefore the approximate direction as found by the

observation is too far to the left by 2' 30".

L from church to 1st observation 360 — 269° 52' = 90° 8'

„ „ 2nd „ = 41
0
45'

Difference 2) 48° 23'

Difference halved 24
0

11' 30"

but being 2\ minutes too much to the left, the correct reading should be 24
0

9'.

The magnetic bearing from the same point of observation was taken to Ponty-
pridd church by the same instrument at the same date as S. 43

0
12' W. from

which deduct 24
0

9'

Making the magnetic declination 19
0

3'

Question 132.—Describe the underground and surface levelling staves, and
state how you would proceed to level underground with the level and
staff ?

The staff used in underground operations is usually made about 9 feet long,

and is in three pieces, which are connected together like the joints of a telescope,

and these close down to 3 feet 6 inches. It is graduated into feet, tenths, and
hundredths. The figures appear in an inverted position as seen through the

telescope, but the surveyor soon gets accustomed to this. To avoid this some
surveyors prefer having an additional lens placed in the telescope, others have the

staff figures arranged so as to appear the right way up when seen through the

telescope. The staff used on the surface is of the same description as that used
underground, being made in three pieces, the two upper sliding into the lower

like the joints of a telescope, and being graduated into feet, tenths, and
hundredths. The total length when out is 14 or 16 feet, and it closes to 5 or 6

feet. Staves of 18 and 20 feet are occasionally used. The method of proceed-

ing with an underground levelling is as follows :

—

An assistant holds the staff in an upright position at the shaft, and the levelling

instrument having been set up truly level in the road which it is desired to level,

a sight of the levelling staff is taken and the result entered in the book. The
levelling staff is then moved along the road to where its inclination changes, or to

where, owing to a change in the direction of the road, it is impossible to see

farther, and a sight from the instrument gives the reading there. The fore-sight,

as this reading is called, is entered in the levelling-book an example of which has
been given. The difference of level between the two points is thus obtained,

and this is either added to or subtracted from the level of the starting point,

known to be a certain number of feet above the datum line, which may be the

Ordnance datum or have some clear and well defined relation to it. At most
collieries it is necessary to adopt a datum line which is 1,000 or 2,000 feet below
that of the Ordnance. A number of sights is sometimes taken with the instrument

C.M.H. F F
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in one position, but after the fore-sight is booked, the instrument is lifted and
carried to a position inside the fore-sight, set up level there, and the staff which
has remained on the fore-sight last observed is now turned round to face the

instrument but rests on the same part of the road as before, or what is preferable

in a shoe used for the purpose. This reading being entered as a back-sight, any
intermediate sights may be taken, and the last will be a fore-sight. This method
continues throughout the levelling. Some inconvenience and liability to error

arises from the ffact that owing to the varying heights of underground roads

portions of the staff have occasionally to be pushed
in, and these may be fractions of a foot for which
allowance must be made when entering the read-

ings. This has led to one or two improvements in

form for an underground levelling staff.

One recently brought out by Mr. James R. Lins-

ley, the surveyor at Cramlington Collieries, consists

in dividing the staff into an upper and lower

division, the former sliding into the latter. To the

top of the sliding portion is fixed a spring drum,
on which coils a tape, whose lower end is attached

to the top of the lower division of the staff. The
figures and divisions are painted on this tape the

same as on the staff, and in roadways of varying

height the upper portion of the staff may be opened
until close to the roof, and when this is done the

reading of the staff is continuous from the floor

upwards.

Mr. G. J. Jee’s underground levelling staff is

somewhat similarly constructed, but is made in

two sizes by Messrs. J. Davis & Son, Derby, the

9-foot size closing down to 3 feet 6 inches, and
the 6-foot to 2 feet 6 inches. Fig. 367 shows a

front and Fig. 368 a side view of the staff. Both
sizes consist of three divisions. The 9-foot staff

has a 2-inch band attached to the top of the

lowest division, which is 3 feet long, and as the

middle division is raised the band uncoils off the

brass drum shown in the figure. This drum is

placed just below the top of the top division of the

staff, and in unwinding off it the band is carried

through a small brass roller on top of the division.

The band is graduated upwards, and when the

middle division of the 9-foot staff is out, reads con-

tinuously up to 5 feet 8 inches. If the roadway
permit of it, after the middle division has been

opened to its full extent, the top one may be drawn out, and the same band
further uncoiled till it reads continuously to 9 feet.

Quite recently another form of levelling staff for use in mines has been intro-

duced. In it the figures are painted in dark colours on a background of ground
glass or other transparent material. When being used a light is placed

behind the staff, and this gives the surveyor a better opportunity of making his

observations.

368.-
e view.

Fig. 367
«

—

Front view.

Jee’s Underground Levelling
Staff.

Question 133.—Should the workings be too low to admit the use of the!

level and staff, how would you proceed ?

The usual method is by means of a straight edge, which may be 6 or 12 feet
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long according to the steepness of the measures, and by an ordinary mason’s
level. The straight edge is laid along the road (with the mason’s level placed

on it), and then one end is lifted off the ground till it is in a truly level position

as shown by the spirit level resting on it
;

a two-foot rule or other measuring
strip is then used for taking the height the one end of the straight-edge has been
raised, and the amount is entered in the book as a rise or fall. If the leading

end of the straight edge, or the inside end going “ inbye,” has been raised, the

road falls, but if the outside end is raised, the road rises. The straight edge is

then moved forward another length, and the same process repeated, and so on
throughout the levelling. This is only an

approximate method of levelling, and too much
reliance must not be placed on it.

Question 134.—Sketch on paper as near as

you can, without the aid of scale or pro-

tractor, the following bearings of a survey

(1) N. 50 E., 46 links; (2) S. 26 E.,

63 links; (3) S. 20 W., 85 links; (4)

S. 56 W., 76 links.

It is not expected that the candidate without

a scale or plotting instruments will get a very

correct answer to this, but he may get an
approximate result. Thus, consider the top of

the paper on which the answers are being
written as the north end and the ruled lines will

be east and west. A line half way between
these will represent an angle of 45

0
,
and half

way again 22J
0

,
and for the rest he may guess

as nearly as possible. With regard to the

distances, he must only consider them rela-

tively, unless a rule or scale be used. No. 1

being 46 links, whatever length is chosen to

put this on paper he must make No. 2 -ff =
nearly i\ times as long, No. 3 nearly

twice as long, and No. 4 would be not

quite so long as No. 3. Bearing this in

mind the result obtained would be in some such form as shown at

Fig. 369.

Question 135.—State the' different methods of connecting the underground
workings with the surface boundaries.

First, by the magnetic meridian. Secondly, by suspending two copper wires

from a balk at the top of the pit, and which have heavy weights attached to them
in the sump. When the wires are steady, the balk on the surface should be
turned round until the wires are in a line with the underground road, as deter-

mined by a light seen from the shaft along the road. Marks may then be made
in the roof in a line with the wires, and rods may be ranged on the surface in a
line with the same wires, and pegs afterwards put in so that the surveyor may
have a base line on the surface and underground to refer to at any time. A
third method is that of connecting them by means of a transit instrument, but
this is not frequently done by ordinary surveyors. A fourth, and undoubtedly
the best method where circumstances admit of its being adopted, consists in con-

Fig. 369.—Approximate Plotting of
Bearings.

F F 2
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necting them by means of two or more shafts at a considerable distance apart,

and, of course, the more direct the underground connection between the shafts

the better. The bearing which the one shaft makes with the other on the surface,

and their relative position with regard to the boundaries having been accurately

determined, proceed to survey between the shafts and elsewhere underground.
Plot the surface and underground survey on separate sheets of paper, trace the

plotting of the underground survey and place the tracing on the surface plan,

with the one pit of the tracing correctly adjusted over the same pit of the surface

survey, then the other pit or pits of the tracing ought, when it is turned in proper

position, to fall on the pit or pits of the surface survey. If they do not, some
error exists, and the surveys must be again made. If they do, the underground
roads may be pricked off from the tracing to the plan, while the pits of the

tracing and plan exactly coincide, and the workings will thus be placed relatively

right to the surface boundaries.

Question 136.—Explain what is meant by a scale of \ inch to the chain.

It means that on any straight line of \ inch long of the plan the actual

measurement is a chain, or 66 feet, and therefore on 1 inch, 2 chains, or 132 feet,

of actual measurement is represented.

Question 137.—Suppose a driving is going towards an old waste which is

shown on a plan 30 years old, explain the precautions to be taken as

regards meridian.

Reference may be made to the magnetic declination for the particular year

in which the plan was made if it bears date, which it would appear from the

question it does. Knowing the declination then and the declination now, bear-

ings may be put on any underground road to direct its course clear of any wastes

it is desirable to avoid or towards any particular point it is desired the driving to

hole into. If the plan have no date fixed to it, the variation of its meridian may
be determined by observing the bearing which any two objects make on the plan

by its meridian, and also the bearing on the surface which the same two objects

make with each other, by a needle whose declination is known.

Question 138.—What is the present magnetic variation ?

The magnetic variation at Greenwich for the beginning of the year 1890 was

1

7

0 20' W., but it is constantly changing, and this will not apply to other years nor

to all other places for the same year.

Question 139.—Find the quantity of coal in one acre of a seam of the*

following section :

—

Top coal . . . 2 feet 3 inches.

Band ... 10 „
Bottom coal . . 1 „ 9 ,,

Total 4 ,, 10

taking the specific gravity of coal at i'25.

A cubic foot of water weighs 62*5 lbs. and therefore a cubic foot of coal whose
specific gravity is 1*25 is 62^5 x 1*25 = 78‘i25 lbs. In one acre there are 4,840
square yards, or 4840 x 9 = 43,560 square feet. The actual thickness of the

coal in the seam, disregarding the band, is 2 feet 3 inches + 1 foot 9 inches =
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4 feet, and 43,560 x 4 = 174,240 cubic feet of coal in an acre, and as one such

cubic foot weighs 78* 125 lbs., the weight of the whole is
* 74» 2 40 x 78 12$ lbs.

2,240
= 6,077 tons, the total weight per acre.

Question 140.—If pillars are left 30 yards by 18 yards, the width of the

headways being 2 yards and bords 4 yards, what percentage is got in the

first working ?

By sketch Fig. 370, the block of coal before the headways and bords are out

will be 32 yards x 22 yards = 704 square yards. The pillar remaining is

30 x 18 = 540 square yards and the coal taken out is 704 — 540 = 164 square

yards. Therefore as 704 : 164 :: 100 : 23-3, which is the percentage obtained in

first working.

Question 141.—If 20 percent, is allowed for loss of working and 31 per

cent, screened out at bank, how many chaldrons of round coal will a foot

thickness of a seam yield per acre ?

20 -F 31 = 51 per cent, of small and lost, therefore there would be 49 per cent.

of large coal yielded. A seam of coal 1 foot thick contains 1,510 tons per acre, and

since a chaldron weighs 53 cwt., then
I, ^ I

^
X

--- = nearly 570 chaldrons. As

100 : 49 :
:
570 : 279*3 chaldrons of large coal per acre.

Question 142.—What are traverse tables?

These are tables giving the northing, southing, easting, or westing, each
bearing of a survey makes. Suppose, for instance, a bearing of N. 30 E.
to be taken and its distance is 200 links. Let A B in the accompanying
sketch (Fig. 371) represent such bearing plotted. Then AC is the north
meridian. If now from B a line is drawn at right angles to AC to meet AC in

the point C, the northing of the bearing AB for the distance indicated is

measured by the length of AC, and similarly its easting is measured by the

length of CB. So with southings and westings when the bearings of lines are

in that quadrant, or with southings and eastings, or northings and westings. Refer
to any traverse tables now under the proper number of degrees and for 200
links will be found for the example given, AC = 173*2 links and CB = 100.

The results taken from these tables of a number of survey sets are added
together so that it is possible to tell at any point of the survey the northing,
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southing, easting and westing from the starting to that point or from any other

intermediate point passed in the survey.

Question 143.—In a heading going S. 45°E., what must be the course of a

cross heading going at right angles on the north side ?

N. 45
0
E. must be the desired bearing.

Question 144.—What is the use of the vernier ? Describe the method of

using it to find the 120th part of a degree.

The vernier is a contrivance for measuring the fractional parts of a graduated

scale, and is connected with various scientific instruments, as the theodolite,

sextant, barometer, &c. It is so constructed as to slide evenly along the

graduated limb of an instrument, and enables the observer to read off the sub-

divisions of a scale with remarkable nicety. The divisions in the vernier are

usually shorter than those upon the limb to which it is attached, the length of

the graduated scale of the vernier being exactly equal to the length of a certain

number [n— 1) of the divisions upon the limb, and the number («) of divisions

upon the vernier being one more than the number upon the same length of the

limb.

To find the 120th part of a degree, or 30", the vernier should be divided into

half divisions, and after sliding it along the limb to the position desired, the

degrees and minutes may be read, and also the nearest half minute, by observing

the divisional line of the limb that exactly coincides with a divisional line of the

vernier.

Question 145.—If a heading A to B rises 5J inches per yard for 60 yards,

from B to C, z\ inches per yard for 40 yards, what is the inclination from
A to C, and the depth of cutting at B ? Assuming the cutting to be 6

feet wide and every 14 cubic feet of the cutting weighed one ton, how
many tons would such cutting yield ?

A rise of 5\ inches per yard = in 6' 54. Therefore for every 6*54 feet

of horizontal measurement there would be a rise of 1 foot, thus,

The nypothenuse of such triangle will measure '/6*543 + i
3 = ^42-843 -f-

1

= 6-6214 feet measured along the slope, and as the full lengh of that slope is

said to be 60 yards =180 feet, its horizontal measurement is

As 6*6214 : 6*54 : : 180 : 177-93 ^eet *

Similarly in the next section of the heading, where there is a rise of 2I inches
»6

per yard = = 1 in 14-4. Therefore, for every 14-4 feet of horizontal
2 2

measurement there would be a rise of 1 foot thus,

14*4 feet.

:. \/i4‘43 + i
3 = ^-207-36 + i = 14*4346 feet measured along the

slope for each 14*4 feet of horizontal measurement, and as the full length of that
slope is stated to be 40 yards = 120 feet its horizontal measurement is

As 14-4346 : 14-4 :: 120 : 119-71 feet.
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Fig. 372 will further assist the answering of this question.

The point C is horizontally distant from A 177*93 + 119*71 = 297-64 feet =
99*21 yards.

B will be above the point A

C „ „ B

C „ „ „ A

X 5*5 = 27*184 feet.

3 x 12^ X 2*5 = 8-3 „
3 x 12

35*484 »

A cutting then having a uniform gradient between A and C would rise

^ = *357 of a foot per yard = 4*284 inches per yard.

To find the depth of cutting at B.

= 59*31 yards, and .
59 3 1 x 4 284

Qr x ^57 = 21*174 feet.

3 12

27*184 — 21-174 = 6‘oi feet. Therefore the floor of cutting would be 6*oi feet

below the heading floor at B.

To find the cubical contents of the rubbish which would come from such cut-

Fig. 372.—Sketch showing Gradients of Heading.

ting, beginning at o at A, increasing to 6*oi feet at B, and then decreasing to o

at C, we have 180 4- 120 = 300 x
^ ° I

- x 6 the width = 5,409 cubic feet, and

since 14 cubic feet weigh 1 ton liA29 — 3863^ tons, which is the total weight
1 4

obtained from the cutting.

Question 146.—What is the horizontal base and vertical height of an inclined

plane 30*75 chains long and rising 1 in 4?

Here a/4
2 _j_ x 2 _ y I 6 _j_ j = 4*1231 measured along the slope for every

4 measured horizontally, thus . As the whole length of slope

4

is 30*75 chains, then 4-1231 : 4 : : 30*75 : 29*832 chains for the horizontal base,

and the vertical height is
2 9 = 7*458 chains.

Question 147.—Two shafts are separated by natural strata, and the workings

are approaching the boundary
;
describe the method of making a check

survey.

In the case of two shafts separated by natural strata and having an underground
communication between them on the same level as the road leading from one of

them to the workings approaching a part of the boundary, a surveyor would take
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advantage of the connection between the two shafts so as to strengthen the proof

of accuracy in the survey, and to ensure that the barrier left (if any) should be of

the width desired.

The method would be as follows. First, a very careful survey of the surface

should be made, with a true and carefully adjusted instrument (preferably a

transit theodolite), such survey to include the two pits, which call No. i and
No. 2, and the portion of the boundary which an inspection of the working
plan would show to be necessary, and taking care to include rather more
of the boundary lines than actually required. The method of carrying out the

details of the surface survey would be decided by the particular circumstances, and
the lines chosen would be those offering the fewest obstacles to a successful

survey, and therefore calculated to promote accuracy. These lines would pass

near the portion of the boundary required, so as to reduce the offsets as much as

practicable, and when completed they would contain proof of their accuracy by
the “ tie in,” so that the surface survey would be complete in itself, and inde-

PROPOSEO ORW.NG

Fig. 373.—Sketch showing a Driving between two Shafts.

pendent of the underground survey. If the pits were in a mountainous district,

and it commended itself to the surveyor’s judgment, he might in preference

to running traverse lines as indicated, measure accurately a long base line in a

valley, and fix the position of the pits and two extreme points of the portion

of the boundary required, by means of angles taken off the base line
;

and
a few traverse lines could be run along the boundary between the extreme points

afterwards.

The method of procedure in the underground workings would be by travers-

ing, taking care to use the same instrument as when making the surface survey,

and if, say, No. 2 shaft is that from which the underground road leads into the

workings approaching the portion of boundary already surveyed, the surveyor

should commence the survey at No. 1 pit (supposing there to be no pumps in it,

and the road leading therefrom to be clear of iron pipes, rapper wires, engine

plane ropes and other substances of magnetic attraction), traverse the road to No.

2 pit, and continue on to the workings in question. If, from the presence of iron

near No. 1 pit, the surveyor deemed it advisable, he would commence the under-

ground survey at the face (which is usually free or easily freed from iron) of the

boundary workings, or in some disused road, traverse “out bye” to No. 2 shaft
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and continue the survey to No. 1 pit
;
and if this were done, it would be convenient,

but by no means necessary, to plot the underground before the surface survey.

Should circumstances admit of a “ tie ” of any sort in the underground workings,

full advantage should be taken of it, so as to strengthen the proof of the

whole survey, but the position of the two shafts as ascertained on the surface,

and also as ascertained by the underground survey, ought of course to

agree, and if they are at some distance apart, a carefully made survey as now
indicated, and with all its ties when plotted fitting in, would leave little more
to be desired.

Question 148.—At the bottom of a pair of shafts 300 and 350 yards deep, it

is required to drive a drift from one to the other
;
the distance between the

shafts is 2 if chains and the difference of surface level is 20 yards, what is

the inclination of the heading ?

This question is capable of two answers, the question not being complete in

2 1 */ CHAINS OB *78 5 YARDS

„ nq,viN
,,«o

per.yard.

Fig. 374.—Sketch showing a Driving between two Shafts.

itself. It is not enough to state that there is a difference of surface level of

20 yards
;

it is necessary also to know whether the shallower or deeper pit top is at

the higher level. First, supposing the deeper pit top to be 20 yards above the

300-yard pit top, then Fig. 373 will assist the answer now given.

350 — 320 = 30 yards, bottom of 300-yard pit above bottom of 350-yard pit.

Distance apart 2 if chains x 22 = 478*5 yards. 3
° X 12 = 2*25 or 21-

inches rise per yard from the 350-yard shaft bottom to the 300-yard shaft bottom.

Assuming, however, that the 300-yard shaft is at the higher surface level, it

would affect the answer very materially, as the sketch (Fig. 374) and following

working will show.
In this case 350 4- 20 = 370 and 370-300 = 70 yards the bottom of the

70 X ? X 12
300-yard pit is above the bottom of the 350-yard pit. Then L _A_ =
5*26, or 5f inches rise per yard from the bottom of the 350-yard pit to that of the

300-yard pit.
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Question 149.—The chord of a segment of circle is 60 feet, and the versed

sine 78 inches. What is the radius of the circle ?

The following formulae are applicable to segments of circles.

V = Versed sine.

C = Semi-chord.

R = Radius.

O = Any ordinate.

D = Distance of ordinate from centre.

O = a/R2 - D3 - (R - V).

V3 + C3
. V2 + c3

.K = —— . or diameter = —
2V ' V

V = R — v/R
Fig* 375 -—Segment of Circle.

C3
.

Therefore, in the question given

R _ 6 '

5
2 + 302

-
6-5

+
2 x 6*5 2 2 x 6-5

Area of segment = i-Z-
v/(o

,626 V)3 + C3
-

303 _= 3*25 + 69*23 = 72*48 feet.

Question 150.—The radius of a circle is 72*48 feet, and the length of chord
60 feet, what is the versed sine ?

V = 72*48 — y/72*48 3 — 303

= 72-48 - 5,253 — 900

= 72-48 - v/4,353
= 72*48 — 65*98 = 6*5 feet or 78 inches.

Question 15 1.— If, where the workings of a coalfield proceeding in the direc-

tion of the full rise which is 1 in 10 and due north, the main levels are

“set away ”
1 in 130, what are the bearings of the levels ?

Take a small ivory or boxwood protractor which has a scale of chords and other

scales marked on it, and after setting the two legs of a pair of compasses at

Fig. 376.—Sketch showing Direction of
Main Levels.

H

Fig- 377.—Sketch showing Direction
of Main Levels.

60 degrees by the scale of chords, describe the circle NWSE from the centre C
in Fig. 376. From a point W in the circumference draw a line through the

centre C to the circumference E, and draw the lines CN and CS at right angles

to WE, joining the circumference at N and S.

Let N represent north and CN will represent the full rise of the seam, which
consider as being 130 long. By means of a scale take the point D, making CD
equal to 10, or T

Xgth of CN. Draw DA parallel to CW, cutting the circumference
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at the point A. Join CA, and the line CA will represent the direction of one of

the levels, for the point A will be i above C, and CA is 130 long. Place one leg

of the compasses on W, and extend the other to A, and then measure that distance

on the same scale of chords used before, and it will read about \\°
;
or the lines

CW and CA may be continued on the paper a suitable length in a direction from
C and the protractor placed on the paper with its centre at C and the angle ACW
may be thus read off, and it will be found to be about 4J

0
. The bearing of the

level CA then is 90 — 4J = 85J
0 N.W. approximately, because it cannot be read

to exact minutes this way. In the same manner a level course going on the oppo-
site side from C may be shown to have a bearing of N. 85J

0
E.

If a protractor is not allowed, or is not at hand, a very close approximation to a

correct answer may be obtained without it, thus :

—

From the centre C, Fig. 377, with the radius 130, describe the circle NESW.
Let NS represent the north and south, and E and W the east and west points

respectively on the circle. Make CD equal to 10, and draw DA parallel to CW,
cutting the circumference at the point A. Join CA and WN. Then CA will

represent the direction of the level course and A will be 1 above C or W.
Bisect the chord WN in F and join CF. Continue the line CF to cut the cir-

cumference in G. Then the length of the chord WN is V 1302 + 1302 = 1 83*847,

and since the point N is 13 above C, the point F is 6*5 above C. The angle

CWF is equal to the angle WCF, therefore the side CF is equal to the side WF,

As F is 6*5 above C, it will be found that theand WF 183-847
IS 2— — 91*924.

point G is as 91*924 : 130 :

Now join GW, and its

9i*9242

Join CH,
9’ T 9 2 4 _

6-5 : 9
length

+ 38*0762 = 99' 1 7 •

and continue CH to cut the circumference in J

4*5962 above C or W. Find the versed sine JH in the segment G

[ 9 2 4*

will be a/9i*9242 + (]

Bisect WG in H and WH =
30 - 9i'924)3 -
™ = 49'5 S 5-

point H is

2

The

by the formula given in Answer 149, thus 130 — V1302 — 49-5852 =
9*828. Therefore CH = 130 — 9-828 = 120*172. As H is 4*5962 above C,
the point J is as 120*172 : 130 : : 4*5962 : 4*972.

The angle GCW contains 45
0 and JCW 22J

0
,
and approximately the propor-

tion of degrees for the angle ACW will be found, thus as 4*972 : 1 :: 22J: 4*525, or,

say, 4J
0

,
and therefore the bearing of the level CA is approximately 90° — 4J

0

= 85^° N.W. The level proceeding on the opposite side will bear approximately
N. 854° E.

The most satisfactory, and indeed the only strictly accurate answer to a question

of this sort is obtained from a solution by trigonometrical rules, involving the use
of tables, &c.



CHAPTER XIII.

SAFETY-LAMPS AND FIREDAMP DETECTORS.

The Davy Lamp—The Clanny—Morgan’s—Protector— Pieler—Gray’s—Hepplewhite-Gray—
Marsaut—Mueseler—Evan Thomas— Clifford—McKinless—Cryptograph Lock— Cuvelier’s

Patent Lock—Examining and Testing Safety-lamps before going into the Mine—Patterson’s

Testing Apparatus—Primary and Secondary Portable Electric Safety-lamps—Garforth’s

Firedamp Detector—Liveing’s Firedamp Detector—Maurice’s Firedamp Indicator.

SAFETY LAMPS.

So many different kinds of lamp have been invented that it would be
impossible here to describe them all. Each, however (except the Electric Safety-

lamp, and McKinless’s Gauzeless Lamp), depends on Sir Humphrey Davy’s dis-

covery, that through a fine wire gauze, having 784 apertures to the square inch,

formed by the crossing of 28 parallel wires, the flame of ignited gas would not

pass unless acted upon by a strong current of wind. The gauze of the Davy
lamp is constructed of iron wire about -^th of an inch in diameter. Notwith-
standing the number of lamps in use, the Davy, protected from currents by a

proper covering, is still found to be, under certain circumstances, an excellent lamp.
It is very useful in the hands of the man who has been appointed to examine
the working places. Most modern lamps go out in an explosive atmosphere, and
no wonder, for they are placed in the hands of the workmen whose energies

are directed to coal-getting, &c., rather than in watching their lamps. With the

fireman it is different. He is, or at least ought to be, a prudent and careful man,
who has had considerable experience of firedamp, and has probably been
appointed on that account. He detects the gas with the Davy, and withdraws
from the point of discovery quietly, unless the quantity appears large, in which
case he puts out the flame himself by drawing the wick down into the oil-holder

with the pricker. He on no account attempts to blow it out. It must be remem-
bered that if the Davy lamp be kept for a short time in an explosive atmosphere
the gauze becomes red-hot, and in that state a slight movement might cause the

flame to pass, and ignite the gas outside. Again, if the lamp be placed in a

strong current of air, the flame will be forced out of its proper position, and the

end of it will then be directed towards the gauze, the wires of which will become
heated to such an extent that the flame of the gas inside may pass to the outside.

A velocity of about 6 feet per second is sufficient to produce this effect in a very

short time. The Davy lamp is, therefore, not a safety-lamp in this current
;
nor

would it be so if, while in this condition, it were subjected to a jerk or violent

motion on the part of the person carrying it in a still explosive atmosphere.

Another source of danger arises from the fact of inflammable material getting on
the gauze. In a dry mine coal-dust adheres to it, and if gas should then be fired

in the lamp the dust may be inflamed, and fire the explosive mixture outside.

The same thing may occur from gauzes smeared with oil.

The Davy lamp consists of an iron wire gauze cylinder if or 2 inches

in diameter, and 6 inches high, fixed to a brass ring, and screwed on to the oil-

vessel. For better protection the gauze is doubled at its upper part. Outside

the gauze 3 iron bars, placed at equal distances apart, connect the bottom and
top rims, the latter having a metal roof, attached to which is a ring for carrying



PIELER LAMP. 445

the lamp. Through the oil-vessel, in a close-fitting tube, a wire called the pricker

passes, the purpose of which is to trim the lamp, and draw down the wick when
it is desired to extinguish the flame. Sometimes a shield of tin is placed round

frds of the Davy lamp, it being fastened to two of the upright bars, on which it

may be made to slide up and down. Besides its defectiveness in respect to

passing the flame at a rather low velocity, another great objection to the Davy
lamp is its insufficient light, and most of the more modern lamps give a better

light, glass being introduced at the bottom instead of gauze for this purpose.

The oldest form of glass lamp is the Clanny. It consists of a lower cylinder

of stout glass surrounding the flame, and an upper cylinder of wire gauze of less

diameter. The feed air passes through the lower part of the wire-gauze cylinder,

then down the inside of the glass cylinder, the products of combustion ascending

inside the cold air-currents, and escaping through the upper part of the wire

gauze. The oil-holder, with pricker, is the same as in the Davy lamp.

Morgans is an excellent lamp. Its chief features are a double perforated air-

shield, and the construction of a shield at the top of the lamp, through which the

products of combustion pass. The air for feeding the flame, after passing

through the perforations in the outer shield, goes through the perforations at the

base of the inner chimneys, and so to the flame, the products of combustion
passing through the cone-gauze in the interior of the lamp, and up through the

top shield.

The Protector is also a good lamp. In it colzaline is burned instead of the

vegetable oils used in other kinds of lamps described. It makes no smoke or

soot, will not clog in the gauze, does not require any pricker, and very readily

shows the presence of inflammable gas. Inside the Protector lamp-bottom is

a sponge which, in trimming the lamp, simply requires to be saturated with oil,

the superfluous colzaline being poured out again. A permanent wick, through
which the oil is drawn up, extends to within about -|rd of an inch from the top of

the tube, the remaining portion of the tube being filled up by asbestos. The
illuminating power of the lamp is excellent. This system of lighting is applied

to many other lamps besides the Protector lamp, which term (Protector)

refers more to the mode of locking than to the lamp itself. Its peculiarity consists

in the fact that, when a lamp has been locked, it cannot be opened without putting

out the light. There is not much advantage in this, however, for if a person were
likely to open a safety-lamp at all where this ought not to be done, he is also

likely to carry matches, so as to re-light the wick.

The Pieter lamp, shown in Fig. 378 ,
is used solely for examining the air in a

mine. When first invented it was intended only to use this lamp in the laboratory

to test samples of air brought out of the mine. It has the usual vessel, G, to hold

the burning medium, which in this case is pure alcohol, C 2H 5 0. To prevent

the escape of vapour of alcohol the lamp is very carefully constructed. The
reservoir containing the spirit becomes heated when the lamp is in use, and
produces large volumes of spirit-vapour, which, on attaining a sufficient pressure,

may force the alcohol up the tube in the form of spray, more especially if the

wick-tube extends downwards to reach nearly to the bottom of the reservoir. To
provide against this the reservoir must not be charged beyond a certain height,

and in addition, the wick-tube and the tube which surrounds it above the surface

of the alcohol are pierced by small holes, through which the vapour, as it is

formed, escapes, to be consumed in the flame. A cylindrical wick, E, is used.

It is made of silk, and passed over a tube, F, provided with a small nut inside.

Upward or downward motion is given to the wick by means of the screw, D. A
short conical chimney, C, open at the top and base, is attached for protecting the
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eye of the observer. Care must be taken to adjust the lamp-flame, so that its

upper extremity is exactly on a level with the upper edge of the chimney. A
gauze, B, similar to the Davy lamp, but of unusual length, is used. The object

of the long gauze is to allow the cap to develop itself more freely inside when the

lamp is in an explosive mixture. The lamp is provided with the usual bars or

pillars, A, for supporting the top. The spirit-chamber is made large enough for

the lamp to burn while used for a prolonged journey through the workings.

When the firedamp is mixed with the at-

mosphere in any proportion greater than f per

cent, its presence is detected by the Pieler lamp.

The cone of light shown at the flame when in

an explosive mixture is larger than that pro-

duced on the flame of any lamp using vegetable

or animal oils. This sensitiveness renders it

very valuable for some purposes.

According to experiments made :

—

The cap with \ per cent, of firedamp is of

a bluish-gray colour, and but slightly luminous

;

it has a height of i J inches.

With \ per cent, the cap reaches 2 inches, is

more sharply defined at the bottom, but fades

away above.

With f per cent, the cap reaches 3 inches,

the edges are sharper, and the colour more
blue.

With 1 per cent, the cap reaches 3! inches

;

edges more sharply defined
;

colour deeper

blue.

With if per cent, the cap reaches 4 inches.

With 1 1 per cent, the cap reaches 4| inches.

With if per cent, the cap reaches the top

of the lamp, the luminosity is increased in

proportion, and the colour of the cap is deep
blue.

With 2 per cent, the cap widens out at the

top, and with higher percentages it continues

to expand until the inner gauze is filled.

The lamp is thus described in the Report
of the Royal Commission on Accidents in

Mines, 1886:

—

“ Pieler’ s is a large Davy lamp, constructed

to burn alcohol with an argand wick. The air

supplied to the inner part of the flame is admitted

by a tube, protected by superposed discs of

gauze, which passes vertically through the vessel

containing the alcohol. Around the flame is a short, conical chimney, open
above and below, and the flame is so regulated that it does not appear above the

chimney, its height being, therefore, from 1 to 1*25 inch. In gas this spirit-

flame yields a much more conspicuous cap than can be produced by the flame of

ordinary vegetable or animal oil. . . . The Pieler lamp is obviously a most
sensitive gas-detector, but in its present form it is quite inadmissible for use in

well-ventilated mines, for the following reasons. The flame is easily extinguished

by a very moderate current, and if the lamp happens to come into an explosive

mixture of gas and air an explosion is almost certain to be caused in a few
seconds. The lamp could be rendered less dangerous for general use by
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enclosing it in a case, and, as far as we have been able to observe, its power of

indicating the presence of gas would be but little if at all impaired/’

Since these remarks were written the lamp has been improved, and in the form
now used the flame is extinguished by the ignition of the gas.

Out of all the safety lamps experimented on by the Commissioners, only four

were deemed worthy of recommendation by them as combining a high degree of

security, with good illuminating power and simplicity of construction. These
were Gray’s, Marsaut’s, the bonneted Mueseler, and Evan Thomas’s modification

of the bonneted Clanny lamp.
A drawing of Gray's lamp is shown in Fig. 379. In it the air reaches the

flame by four tubes, down which it passes from near the top of the lamp as shown
by the arrows in the drawing. The tubes termi-

nate in a cylindrical chamber under the glass.

The inner wall of the chamber consists of a strip

of gauze and through this the air passes on its

way from the chamber to feed the flame within the

glass. The lamp gives a good light, the flame

not being affected by oscillations of the lamp, nor

by rough jerks in an upward or downward direc-

tion, and is considered to give considerable secu-

rity in explosive currents. The principal defects

pointed out by the Commissioners are (1) danger
to the glass from heat produced by gas burning
at the cylindrical strip of gauze immediately under
it

; (2) in currents of low velocity the ignited gas

heats the lower edge of the glass strongly and in

currents of high velocity a stream of ignited gas

passes completely across the lamp from the wind-
ward side and plays on the glass on the opposite

side, causing the glass to crack; (3) the top of
* the lamp may be easily tampered with

;
and (4)

the gauze at the outlet is liable to be obstructed

by soot if the flame should smoke.

The Hepplewhite-Gray is a slight modifica-

tion of the Gray lamp just described. In it

a flat wick is used as in the Gray, but two of

the four tubes down which the supply air passes

have openings in them close to their base. A
suitably sized slide may be pushed up and down
each of the tubes provided with openings, so as to cover them or leave them
exposed to the surrounding air.

The cap at the top extremity of the lamp may be turned partially in a horizontal

direction, and with it moves a plate which covers the upper ends of all four tubes

at the same time, when the cap is turned in one direction, and leaves them free

when turned in the other. By this means the supply air may pass from the

surrounding atmosphere down the four tubes from the top, or, it may be shut off

from admission there, and allowed to pass through two of the tubes at the

bottom. This arrangement renders the lamp an excellent gas trier, as by closing

the lower openings any explosive mixture near the roof or in holes above the

roof is discovered, whilst in sluggish currents, the air may be admitted through
the lower openings in the tubes. When both top and bottom openings in the tubes

are closed at the same time, the supply air is shut off entirely, and the lamp goes
out immediately afterwards. This may become necessary when testing for an
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explosive mixture. The glass instead of being cylindrical in form is larger at

the base, the top being the same size as the coned bonnet and gauze above it.

A conical gauze cap is used in the Hepplewhite-Gray instead of the gauze
diaphragm in the Gray shown at Fig. 379.

The Marsaut lamp is made with either two or three conical gauze caps. In

Fig. 380 it is shown with three. It has a thick glass cylinder as in the Clanny
lamp. The three gauze caps fit close together at their lower extremity on top of

the glass, and gradually diverge from each other in proceeding upwards. The
gauze caps are protected by a bonnet of sheet iron, screwed on a flange above

the glass. Near the upper end of the bonnet is a gauze diaphragm, containing

about 400 apertures to the square inch. Just above this diaphragm at the top

of the bonnet and immediately below the top plate of the lamp, are a series of

large holes through which the gases from combustion escape. Near the lower

end of the bonnet are also a number of holes by means of which the feed air

passes through the gauze caps immediately above the glass cylinder, and these

openings are arranged so as to prevent the direct entry of horizontal currents of

air into the lamp. No provision is made for preventing the removal of the bonnet.

The gauze used in the caps has about 934 apertures to the square inch. In all

other lamps the mesh of the gauze used is the same as that in the Davy lamp. A
flat wick is used in the Marsaut lamp, which gives a better illuminating power
than a round one. The lamp goes out in an explosive mixture. When used with

two gauzes the lamp has an illuminating power of about two-thirds of a standard

candle but with three gauzes the illuminating power is reduced to about one-half



MUESELER LAMP. 449

of a standard candle. When used in an explosive mixture with only two gauzes,

it is just possible for the flame to pass through the gauzes whilst the glass remains

uninjured. When three gauzes are used the lamp is much safer, although the

illuminating power is less. The lamp is liable to become much heated owing to

the gases from combustion impinging on the bonnets which are in good metallic

connection with other parts of the lamp. A considerable amount of heat is there-

fore conducted even to the bottom of the lamp when used where the air current is

not sufficient to keep down the temperature. Other bonneted lamps become
heated in the same way, but no objection can be urged against this so long as

very volatile illuminants are not used.

The Mueseler lamp is constructed on a similar principle to the Clanny. It has

a short cylinder of thick glass round the flame, above which is a gauze cap,

Fig. 381. Immediately above the flame and extending within the gauze cap is

a central conical metal chimney, the top of which in some forms of Mueseler
lamp is covered with wire gauze, but in others is open at the top as well as

bottom. The chimney is carried by an attached ring of gauze fixed to its outer

circumference between the top of the glass cylinder and the bottom of the

gauze cap.

The feed air, as indicated by the arrows in the drawing, passes first through the

lower part of the gauze cap and then downwards through the horizontal gauze
ring, continuing its course afterwards between the metal chimney and the glass

cylinder. The inlet air has thus two obstructions to its passage, the outlet only

one, if the chimney is not covered with gauze. The object of the chimney is to

create a strong upward draught and to insure the inlet air being drawn down
close to the inside of the glass cylinder and thus keep it cool. A great draw-
back is its liability for the light to go out if the lamp happens to be held with its

axis at a slight angle to the perpendicular, as in that position the flame drives

back the inlet air on one side and baffles the current. Fig. 381 shows the

Mueseler lamp as made in Belgium, where it is constituted the legal lamp for use

in fiery mines. The English made Mueseler lamps do not afford so much
security as those made in the Belgian legal form.

The Commissioners say, “As a general rule, if a bonneted Mueseler is exposed
to a current with any velocity we could obtain, the gas ignites under the horizontal

gauze diaphragm, and is speedily extinguished. It may, however, continue to

burn, and in that case, as the lamp is ordinarily constructed, the glass is almost
certain to be cracked in a short time.” Again, in their report, they give as the

sources of danger and the disadvantages arising from the use of the Mueseler
lamp: (1) the glass cylinder is easily cracked by a blow, by the flame playing

directly upon it, or by the impact of cold water while in a heated condition
; (2)

there are difficulties to be overcome in maintaining at all temperatures sufficiently

tight joints where the metal and glass parts meet; and (3) difficulties arising

from combustion and a tendency to smoke the glass and impair the illuminating

power.

Fig. 382 shows Evan Thomas's No. 7 lamp, of which the Commissioners
speak very highly. In principle it is a Clanny lamp, but is bonneted and a great

improvement on the ordinary Clanny form of lamp. Within the bonnet is a brass

tube, one inch high, which fits the main gauze cylinder closely at its lower end.

This tube terminates at its upper extremity in a horizontal brass flange, which
extends nearly to the bonnet. Between the edge of the flange and the bonnet is

an annular space one-sixteenth of an inch wide. The inlet air reaches this annular
space after passing through horizontal slits in the bonnet near its lower end.

The feed air in continuing its course passes through the main gauze cylinder

immediately above the brass tube and descends to the flame. The products of

c.m.h. G G



450 SAFETY-LAMPS AND FIREDAMP DETECTORS.

combustion escape through holes near the top of the bonnet which are protected

by a shield secured to the bonnet. The main gauze cylinder is protected by a

gauze cap closely fitting it.

The Commissioners say :
—“ No. 7 seems to be a most efficient lamp. The

flame is bright and remarkably steady in the strongest air current we can produce.

In an explosive atmosphere, moving with a velocity of 3,200 feet per minute, it

showed no signs of danger after an exposure of seven minutes and forty seconds.

The gas continued to burn in the gauze cap, and a

portion of the gauze quickly became red hot, but its

temperature appeared to be considerably below that

required to ignite the gas mixture. With current

velocities down to 400 feet per minute the gas always

burned continuously in the gauze, but the latter did

not become visibly hot until the velocity approached

1,600 feet per minute. The lamp flame was in all

cases extinguished in the gas mixture in a few
seconds.”

Again, “ In this lamp the quality of safety, in a

pre-eminent degree, is combined with simplicity of

construction and with illuminating power at least

fully equal to that of any of the lamps hitherto in

general use, and there is no probability of the flame

being extinguished under any circumstances attend-

ing ordinary use.”

In another section of the Commissioners’ Report

appear the following remarks:—“This lamp seems
very safe in all currents in which it was tested. In

air moving with any velocity up to 3,500 feet per

minute the flame burns very steadily when the lamp
is either erect or inclined. The flame is scarcely

affected by violent oscillations of the lamp or by
rapid motion up and down in a vertical direction,

and it is not extinguished by inclining the lamp
until the latter is nearly horizontal.”

The Clifford lamp, as shown in Figs. 383—385,
is new since the publication of the Commissioners’

Report, it having only recently been patented. It is to be called the Phoenix

lamp, is novel in construction, and is designed to give great resistance to the

passage of flame in high current velocities. In its construction, the usual form
of having a glass cylinder surmounted by a cylindrical gauze has been entirely

departed from.

Fig. 383 is a vertical section; Fig. 384 a transverse section on the line A B;
and Fig. 385 is a plan of the oil chamber and attachments with the upper
portion of the lamp removed. The glass cylinder surrounding the flame is firmly

held in position by asbestos washers. The upper portion is contracted in diameter

and is covered by a metal hood, which forms part of a segmental pillar or box,

K, cast in one with the base portion P, or attached to it in any other reliable and
substantial manner. The base is fitted tightly against the oil chamber by means
of the shackle hinges U and T, which are of special construction, and jointed in

a thoroughly safe way. The gauze E is a strip bent to fit the segmental portion

(Fig. 384) of the box pillar K, and protected by three bonnets, J, G, F. The
main bonnet J hinges at C to the pillar portion K, and, when unhinged, access to

the gauze is obtained for the purpose of inspection and cleaning as required.

The gauze is forced between the segmental surfaces of the bonnet and the

Fig. 382.—Evan Thomas’s
Lamp
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pillar K. The shackle U has an inclined face, which is made to press against

the projecting inclined piece or wedge N, so that when closed by hinging rom

R, the portion M of the bonnet will be firmly pressed against the gauze to make

a joint. The gauze maybe secured to the segmentary edges of the box Km
many ways, any of which renders it easily got at for inspection. After the yoke

T is slipped over S, it may be strained up by screw or fastened with a lead

nV
The air supply enters the bonnet J at the passage L, which is protected by the

metal plate F so as to prevent direct entry, and passes on through the space

VERTICAL SECTION TRANSVERSE SECTION ON LINE A.

formed between the bonnet J and shield G. It reaches the gauze E through the

two apertures in the internal shield G which are opposite to L, but not m direct

line with it. The air then descends into the space O and passes under the glass

by the annular space shown, continuing its flow upwards to he flame The hot

products of combustion then ascend and pass out of the glass cyhnder and reacn

the upper portion of the space enclosed between the gauze E and the pillar K

through the hood. The outward flow is continued, as shown by the arrows,

through apertures in the shield G and the passage D in the bonnet J, which

in i. m i.o» the i, to. » toil.
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upwards with but little obstruction above, and whilst the advantage of air supply
from below the flame is obtained, the gauze is not placed under the wick, and
thus risk of clogging it by spilling the oil is avoided. The light given is good,
as a plentiful supply of air enters the lamp and the light illuminates the roof as

well as the sides of the workings. It is not sensitive to tilting or violent move-
ment. The bonnet arrangements prevent the possibility of a current of any
velocity from impinging directly upon the gauze, and thereby renders the lamp

safe in explosive currents. It is said that the

lamp has withstood an exceptionally high

velocity test.

It is too early to form an opinion of this

lamp, as it must be practically used for some
time in order to thoroughly test it; but judging
from the drawings it does not appear perfect in

construction. The shoulder formed on the

glass cylinder where it is reduced in size is not

covered by the hood, and although this may to

some extent allow the light to strike upwards, it

leaves the glass exposed to falling stones or coal

from the roof or sides, a small piece of which
is sufficient to fracture it. No upright bars or

pillars are placed for protecting the glass

cylinder, which renders it less secure on that

account, and in wet places the lamp would be

very liable to be cracked by water dropping

on it.

McRinless s gauzeless safety-lamp, shown in

Fig. 386, is another novelty in construction,

and, like the Clifford lamp last described, is

new since the publication of the Royal Com-
mission’s Report on Accidents in Mines.

The most striking feature of this lamp is

that gauze is entirely discarded in its con-

struction.

The supply air is admitted through a large

number of very small holes drilled in a belt or

band, J, above the glass cylinder K and middle

ring of the lamp H, and after passing down-
wards between this belt and an inner conical

chimney, E, reaches the combustion chamber. At the top of the conical

chimney E is fixed a cap, E', to collect the unconsumed particles of carbon
or soot.

The products of combustion pass upwards through the conical chimney and
cap, and thence through a large number of very small holes drilled in a cap, B,

and escape near the top of the lamp.
The outlet cap B is fitted and riveted to a cylindrical tube O, the lower end of

which fits into a collar of the supply air belt J, on which collar the diaphragm of

the conical chimney rests. This diaphragm separates the inlet and outlet cur-

rents, and renders certain the passage of the feed air into the combustion
chamber. An upper ring, C, is placed level with the top of the bonnet, through
which the outlet cap is visible. The products of combustion thus escape without
re-mixing with the supply air.

The feed air belt J is protected by two shields, G and F, which are placed
outside it. The shields have large openings to allow the free ingress of air. The

Fig. 386.—McKinless’s Gauzeless
Safety-lamp.
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arrangement of these openings prevents the force of a current from striking

directly against the small feed air holes and so disturbing the flame. The outer

shield is easily removed when damaged, and after being repaired can as easily

be re-fixed, being fastened by simply turning in four or five tongues of its own
metal under the upper ring C. The combustion chamber and the drilled belt

J are kept securely in their place by the ring H
;
L is the bottom ring which

secures the whole to the oil chamber N
;
K is the glass cylinder, and M a ring

for holding the glass in its position. The metal in the belt J and in the outlet

cap B is Jth of an inch thick, and each hole is therefore |th of an inch long and
-Jg-th inch diameter. The three lower rows of openings in the outer shield G may
be covered with asbestos cloth or leather, and the supply air then enters at the

top of the lamp
;
thus used it is an excellent gas tester. The lamp weighs 3 lbs.

It is stated that it is not sensitive to tilting, swinging, or jerking, and that

it has been tested in explosive mixtures of high velocity without the outer gas

being fired.

This lamp requires to be used for some time before forming a decided opinion

about it
;

it should, however, be remarked that the gauze is not the only weak
part of a safety-lamp.

In all oil safety-lamps using a glass cylinder, there is a possibility of the glass

becoming cracked, or injured. This may be done by a blow, by carelessly

holding the lamp out of its erect position so as to allow the flame to play directly

on the glass, or by cold water coming into contact with the glass when the latter

is more or less heated.

The cost of oil and wick for safety-lamps is about one halfpenny per lamp per
shift of eight hours, but the cost varies with circumstances.

All safety-lamps have locks to them, a frequent form of lock being a simple
bolt and lead plug, which prevents the oil-vessel from being unscrewed. The
“ Cryptograph ” is an ingenious lock, designed to give security by preventing

the miner from tampering with his lamp, while it may be readily opened by
a qualified and appointed person. The lock is based on the Permutation lock,

and is capable of many thousand changes, rendering the chances of opening
it, without the knowledge of the sequence of the symbols, practically impossible.

Cuvelier s patent lock for miners’ safety-lamps is very ingenious in construction.

The following are the particulars of it as supplied by Messrs. W. P. Thompson &
Co., Patent Agents, Manchester :

—

The invention is designed to absolutely prevent the opening of the lamp by
any unauthorised person, or in any but the proper place.

It is an undoubted fact that the lamps at present in use are opened by the

miners, notwithstanding the seals and screws by which they are fastened.

The lock invented by Mr. Cuvelier is exceedingly simple, and most effectual in

preventing the opening of lamps in the workings. It consists of a ring opened
and closed by the force or pressure of a liquid acting upon it internally, which
causes it to contract and expand on exactly the same principle as that adopted in

the Bourdon pressure-gauge, so largely used.*

The bolt of the lamp consists of a metal rod, A, formed with a shoulder, B
(Figs. 387-390). It is placed in a chamber, C, at the side of the oil reservoir, R,

and pressed back by a wire spring, D. Below the reservoir is placed the lock, N,
comprised of the tube, E, hermetically sealed at the ends by the solid end-

* The principle of the Bourdon tubes is fully described in Chapter XIV., under the head of
“ Pressure and Vacuum Gauges.”
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Fig. 389.

pieces, F, and the inlet-pipe, H, with a small pin-hole, L, at the bottom. The
ends, F, when closed, rest below the shoulder, B, and lock the bolt. To open
the lamp, water is forced into the tube, E, through the hole, L, by means of a
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pump or accumulator (placed in the lamp-room), which expands the tube, drawing
I the ends, F, clear of the shoulder, B, which is then shot down past them by the

spring, D. The elastic pressure of the tube draws the ends together again,

under the shoulder, B, as soon as the bolt is pushed up, by means of a wire,

introduced into an orifice in G (Fig. 389), as shown by the arrow, to again

lock the lamp. No special appliance is needed for locking the lamp. A plate

or false bottom, J, is soldered in below the tube, to keep it safe, and prevent it

from being tampered with. This lock can be fitted to any ordinary lamp.

M Lamp Casing.

N Lock.

R Oil Reservoir.

A Bolt.

B Shoulder on bolt. A.

C Casing of bolt.

D Spring.

E Ring forming lock.

F Solid end of lock-ring.

H Inlet-pipe to lock-ring.

L Orifice in pipe, H.

J Plate to protect tube.

K Stop-pieces to prevent undue expansion of tube.

Fig. 387 is a plan (looking from below). Fig. 388 is a sectional view showing
the position of the bolt, A, when the lamp is [locked. Fig. 389 is a sectional

view showing the position of the bolt when the lamp is unlocked
;
and Fig. 390

is a sectional view showing the lower part of a safety-lamp with the lock applied

to it.

There are dangers in working with even the safest form of oil safety-lamps, as

it is impossible to prevent risk of the glass cracking or breaking. Without
going so far as to say the highest possible point of safety has been reached in the

design of the oil-lamp, it is in the direction of portable electric safety-lamps the

* miner must look for any marked improvement or great degree of safety. Inventors

are actively engaged on this form of lamp, which will probably be adopted in the

future when their work is completed.

In the meantime the oil lamp must be used with becoming caution, and in

full recognition of its defects.

Modern lamps are more complicated in their construction than the first type,

and the number in use is vastly increased. The work of examining these lamps
at large collieries is, consequently, considerable. In many cases the lamp is half

covered with a bonnet, hiding from the attendant’s view the most important parts.

The large number which must be taken to pieces before they can be examined,

and afterwards restored to working condition, entails much labour, and it is

possible that some small but important part may be omitted in the operation.

It is very difficult for the eye to detect defects in the adjustment, and impossible

—without resorting to other means—to know whether the joints between the glass

cylinder and the gauze are perfect under the varying temperatures at which a

lamp is worked. If a thoroughly reliable and simple means of testing could

be devised, it would be well to test each lamp before it is taken into the pit.

At some collieries this is done daily in the lamp-room by placing the lamp
(lighted), after examination, in a mixture of gas and air previously ascertained to

be a properly explosive one. This test should be slow and deliberate, and the

lamp allowed to remain some time in the mixture.

The Royal Commissioners draw particular attention to this point. They say,

“ With the safer and more complicated lamps it is still more difficult to detect

by eye defects in adjustment. Indeed, in many instances important parts cannot
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be seen after the lamp has been put together. During the course of our experi-

ments explosions have been occasionally traced to imperfections so small that

we have had some trouble in finding them even when certain of their existence.

Experiments 723-725 of the Woolwich series are examples of this, as will be
seen by comparison with those following them. We consider it, therefore,

absolutely necessary that such lamps should be regularly tested in an explosive

gas mixture before they are allowed to descend the shaft.” In another part of

their report :
—“ A lamp may be of the safest pattern, and yet small defects in

the fitting of its parts may entirely deprive it of its power of affording protection.

In preparing a large number of lamps for use in a mine it may happen even with

the greatest care on the part of the lamp-man that a lamp in an imperfect con-

dition may be allowed to pass. The detection of these imperfections by simple

inspection is in many cases almost impossible. And we are convinced that the

only way of avoiding the introduction into a mine of a dangerously imperfect lamp
is to test every lamp in an explosive mixture of air and some inflammable gas
before it is allowed to descend the shaft.”

Mr. Patterson, of Newcastle-on-Tyne, has patented an apparatus for the supply

of explosive mixture to a safety-lamp. The mixture (which should be of uniform
nature) is conveyed through an upright pipe provided with a tap for regulating

the supply, and discharged through the casing at the centre of a small fan driven

by means of a belt from the fly-wheel of an engine. The fan outlet is connected

with the test-box by a short horizontal pipe. The box rests on a table of suitable

size, and has a hinged cover through which the lighted lamps are passed, and
allowed to rest on the bottom of the box. A window is fixed in one side of it,

through which the lamp-man watches the lamp he is testing at the same time that

he keeps one hand resting on the handle of the supply-tap, so that he can watch
the lamp, and regulate the amount of explosive mixture at the same time. In this

way the mixture is forced round the lamp in every part, and defects detected.

Safety-lamps provided with the best form of lock to prevent their being

tampered with by ignorant or reckless workmen at the face, and tested thoroughly

before given out, will, if carefully used, afford considerable protection in the

mine. At convenient places near the working faces there should be recognised

depbts for keeping reserves of locked lighted lamps ready for use. On a work-

man’s lamp becoming extinguished another in working condition is thus available

within easy distance of him. It is the practice at many collieries to keep boys

for the purpose of travelling from the lamp-stations in the mine to the innermost

roadways, carrying with them lighted locked safety-lamps, which they give to

the workmen whose lamps have become extinguished during their work, and
receive the extinguished lamps in return. When all the lighted lamps are

distributed the boys return with those they have collected from the workmen to

the lamp depots, where they exchange them for more reserve lamps to be carried
“ in bye ” again. These arrangements tend to the comfort of the workmen at

the face, and give some little security against their tampering with the lamps.

For these reasons they are to be commended.

Portable Electric Safety-Lamps have now become an established fact, and are

in use at some collieries. They are what are called incandescent lamps.

Incandescent lamps are simply small glass bulbs, containing a carbon filament,

the ends of which are attached to two thin platinum wires, wdiich pass through

the glass, and conduct the electric current to and from the carbon filament.

Wherever electrical energy is produced and passed through a conductor, it

is deprived of energy, which is not destroyed or lost, but appears in the form of

heat in the conductor. The amount of heat produced in the conductor is equal to the

electrical energy not otherwise accounted for, or missing as such, at the end of

the conductor, and that amount varies in accordance with the resistance offered by
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any conductor to the passage of an electric current. The current for an incan-

descent lamp is conveyed in by one wire, then through the carbon filament, and

out by the other wire. The circuit is continuous, and the electric current in its

passage meets resistance in the carbon filament, in overcoming which the electric

current displays itself by generating its equivalent in heat, thus rendering the

carbon incandescent. This white heat is produced in a vacuum, as every particle

of air is pumped out of the small glass bulb containing the carbon filament before

being hermetically sealed. There is no flame and no combustion in the incan-

descent light.

Platinum wires are used in preference to those made of other metals, because

platinum comes closest to glass in its co-efficient for expansion by heat. If wires

of copper, iron or silver were used, the probability is that the greater expansion by
heat of these metals than glass, would cause the latter to burst or break, or, at any

rate, prevent the possibility of retaining a good vacuum.
Another form of the electric light is known as the arc light. It is not suitable

for underground use, as it requires a large electric current and a high electro-

motive force, but it is sometimes used at the pit bank. In the electric arc lamp
the conducting wires are attached to two rather thick sticks of carbon, the

ends of which are kept a short distance apart, so that there is a break in the

continuity of the electric current. As the current leaps across the space

between the two carbon sticks, a brilliant flame is produced, and the carbon

sticks burn away.

The different forms of portable electric safety-lamps arise from the kind

of battery used to supply the necessary current, the carbon filament in the glass

globe being common to the different lamps. In all, the battery must be attached

in a portable form, so that as the lamp is carried in the hand from place to place

the battery may supply the electricity for a specified length of time. Portable

batteries are either primary or secondary. In the former, electric energy is

produced when zinc in the presence of another element is acted upon by a

chemical compound, and is replenished by putting fresh plates and fresh

chemicals into it. In the latter the energy is derived from some extraneous

electric generator, and is stored in the battery at intervals.

The chief drawback to primary batteries is, that they are expensive to maintain,

on account of the materials they consume. The objection to the secondary

batteries is, the necessity of having another apparatus—a dynamo—to re-charge

them.

Theoretically, whatever may be the form of battery, the lamp may be made to

give any amount of light for io, 12, or more hours, as may be desired, but,

practically, the amount of light is limited by the weight it is convenient to

carry.

The light is quite independent of the surrounding atmosphere, and it will burn
equally well in any form of gas, which will not be affected by the light unless the

glass globe be broken. On the glass breaking the lamp is almost instantaneously

extinguished. It is plain, therefore, that no explosion can result from the use of

the electric lamp unless the glass which surrounds the light be first broken, and
the lamp at that instant happens to be in an inflammable atmosphere.

For surveying with the magnetic needle this lamp is not applicable, but for all

other purposes it is unquestionably a great boon. As it is impossible to test for

gas with the electric safety-lamp, a suitable fire-damp detector must be placed with

it, in the hands of a fireman, or be used by any one wishing to ascertain if fire-

damp be present in the mine. Liveing’s, Swan’s, or Lewis & Maurice’s, or

any other reliable fire-damp indicators, may be used.

Electric portable safety-lamps are in their infancy, and, although in practical

use, they do not at present compare favourably in point of first cost or in

maintenance with the best oil lamps, the latter costing only about one-half of the
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former to maintain throughout a shift. Possibly colliery proprietors who supply
lamps for the use of their workmen are awaiting further inventions, and the

survival of the fittest before adopting it to any extent.

FIRE-DAMP DETECTORS.

The Pieler lamp, which has been fully described in this chapter, is a very useful

and practical fire-damp detector. In many forms of detectors samples of the gases

are procured in the mines,

to be afterwards examined.

Gcu'forth’s detector is

one of this kind, and is very

simple in construction.

The following description

of it is taken from the

Colliery Guardian of

August 15th, 1884:

—

“ Mr. Garforth’s inven-

tion is extremely simple.

It consists in the use of a

small india-rubber hand-
ball, without a valve of

any description, Fig. 391,
but by the ordinary action

of compressing the ball,

and then allowing it to

expand, a sample of the

suspected atmosphere is

drawn from the roof or

any part of the mine,

without the great risk

which now attends the

operation of testing for

gas, should the gauze be
defective. The sample
thus obtained is then forced

through a small protected

tube on to the flame of the

lamp, when, if gas is pre-

sent, it is shown by the

well-known blue cap and
elongated flame. From
this description, and from

the fact that the ball is

small that it can beso

Fig. 391.—Garforth’s Firedamp Detector. carried in the pocket, it

will be apparent what a

valuable adjunct Mr. Garforth’s invention will prove to the safety-lamp.
“ The following extracts are taken from a paper recently read before the

Midland Institute :

—

“ Out of twenty-eight tests made in a mine working a longwall face, the Davy
showed gas only eleven times, whilst the detector showed it in every case. The
detector, as will be perceived from the one exhibited, and the accompanying
sectional drawing (Fig. 391), consists simply of an oval-shaped india-rubber ball.
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fitted with a mouthpiece. The diameter is about 2 \ inches by 3 inches
;

it weighs

2 ozs.
;
and it is so small that it can be carried without inconvenience in the coat,

or even waistcoat, pocket. Its capacity is such that all the air within it may
be expelled by the compression of one hand. The mouthpiece is made to fit a

tube in the bottom of the lamp, and when pressed against the india-rubber ring

on the ball-flange, a perfectly tight joint is made, which prevents the admission of

any external air. The tube in the bottom of the lamp is carried within a short

distance of the height of the wick-holder. It is covered at the upper end with

gauze, besides being fitted with other thicknesses of gauze at certain distances

within the tube; and if it be found desirable to further protect the flame against

strong currents of air, a small valve can be placed at the inlet, as shown in

the drawing. This valve is made of sufficient weight to resist the force of a strong

current, and is only lifted from its seat by the pressure of the hand on the

mouthpiece. It will be apparent from the small size and elasticity of the

detector that the test can easily be made with one hand, and when the ball is

allowed to expand a vacuum is formed within it, and a sample of the atmosphere
drawn from the breaks, cavities, or highest part of the roof, or, of course, any
portion of the mine.

“ When the sample is forced through the tube near the flame, gas, if present,

at once reveals itself by the elongation of the flame in the usual way, at the same
time giving an additional proof by burning with a blue flame on the top of

the test-tube. If gas is not present, the distinction is easily seen by the flame

keeping the same size, but burning with somewhat greater brightness, owing to the

increased quantity of oxygen forced upon it.

“ I venture to claim for this method of detecting fire-damp the following amongst
other advantages :—(1) The detector, on account of its size, can be placed in

a break in the roof where an ordinary lamp—even a small Davy—could not be
put

;
and a purer sample of the suspected atmosphere is obtained than would be

the case even a few inches below the level of the roof. (2) The obtaining

and testing a sample in the manner above described takes away the possibility

of an explosion, which might be the result if a lamp with a defective gauze were
placed in an explosive atmosphere. No one knows how many explosions have
not been caused by the fire-trier himself. This will now be avoided. (Although
lamps with a tin shield will be subjected to the same strict examination

as hitherto, still they do not admit of the same frequent inspection

as those without shields, for in the latter case each workman can examine
his own lamp as an extra precaution, whereas the examination of the tin-

shield lamps will rest entirely with the lampman). (3) The lamp can be kept

in a pure atmosphere, whilst the sample is obtained by the detector, and at a

greater height than the flame in a safety-lamp couid be properly distinguished.

The test can afterwards be made in a safe place at some distance from the

explosive atmosphere, and owing to the vacuum formed, the ball (without closing

the mouthpiece) has been carried a mile or more without the gas escaping. (4)
The detector supplies a better knowledge of the condition of the working places,

especially in ^breaks and cavities in the roof, which latter, with the help of a

nozzle and staff, may be reached to a height of 10 feet or more by the detector

being pressed against the roof or sides, or by the use of a special form of detector.

(5) Being able at will to force the contents of the detector onto the flame, the

effects of an explosion inside the lamp need not be feared. (This danger being
removed, admits, I think, of the glass cylinder being made of a larger diameter,

whereby a better light is obtained
;

it may also be considered quite as strong,

when used with the detector, as a lamp of a small diameter when the latter is placed
in an explosive atmosphere.) (6) The use of the detector will permit the further

protection of the present tin-shield lamp, by an extra thickness of gauze if such
addition is found advantageous in resisting an increased velocity. (7) In the
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Mueseler, Stephenson, and other lamps, where the flame is surrounded by glass,

there is no means of using the wire for shot-firing. The detector tube, although
protected by two thicknesses of gauze, admits of this being done, by the use of a

special form of valve turned by the mouthpiece of the detector. (The system of

firing shots or using open lamps in the same pit where safety-lamps are used is

exceedingly objectionable
;

still, under certain conditions, shots maybe fired with-

out danger. Whether safety-lamps or candles are used, it is thought the use of

the detector will afford such a ready means of testing that more examinations will

be made before firing a shot, thereby ensuring greater safety.) (8) In testing for

gas with a safety-lamp, there is a fear of the light being extinguished, when the

lamp is suddenly placed in a quantity of gas, or in endeavouring to get a very

small light
;

this is especially the case with some kinds of lamps. With the

detector this is avoided, as a large flame can be used, which is considered by some
a preferable means of testing for small quantities, and the test can be made with-

out risk. Where gas is present in large quantities, the blue flame at the end of the

test-tube will be found a further proof. This latter result is produced by the

slightest compression of the ball. (I need not point out the inconvenience and loss

of time in having to travel a mile or more to re-light.)

“ As regards the use of the detector with open lights several of the foregoing

advantages or modifications of them will apply. Instead of having to use

the safety-lamp as at present, it is thought that the working place will be more
frequently examined, for a sample of the suspected atmosphere can be carried to

a safe place, and forced on to the naked light, when if gas be present it simply

burns at the end of the mouthpiece like an ordinary gas jet. There are other

advantages, such as examining the return airways without exposing the lamp, &c.,

which will be apparent, and become of more or less importance, according to the

conditions under which the tests are made. In conclusion, I wish to point out

that the practice adopted at some collieries of having all the men supplied with

the most approved lamp (such as the Mueseler or the tin-shield lamp) except the

deputies (who are supplied with the Davy), is not a safe one. If the strength of

a chain is only equal to the weakest link, it may be argued that the safety of a

mine is only equal to that of the most careless man or most unsafe lamp in it.

If therefore the deputies, whose duty it is to look for gas and travel the most
dangerous parts of the mine are obliged to use the Davy on account of its sensi-

tiveness, may it not be said, that as their lamps are exposed equally with the

workmen’s to the high velocities of air, that they are the weak links in the safety

of the mine. For the reasons given, I venture to submit that the difficulties and
dangers I have mentioned will be largely reduced, if not wholly overcome, by the

use of the fire-damp detector.”

The Royal Commissioners thus speak of Mr. Garforth’s invention :

—

“ For extracting the gas from crevices Mr. Garforth uses a small hollow india-

rubber ball provided with a metal nozzle. The ball being compressed in the

hand so as to expel the greater part of the air contained in it, the nozzle is inserted

into the crevice or cavity and the ball is then allowed to expand to its natural size.

It of course becomes filled with the gas mixture existing in the place under

examination, and this gas may be introduced into a safety-lamp through a gauze-

protected channel by again compressing the ball. For thus testing the gas a

bonneted lamp is used, through the oil cup of which passes, close to the wick

tube, a narrow pipe containing gauze diaphragms, and terminating below in a

tube which just fits the nozzle of the india-rubber ball. The external end of this

tube is closed by a spring valve, and when the nozzle is introduced it opens the

valve and the gas can be forced up the pipe and on to the lamp flame. This

simple and extremely portable apparatus seems to answer its purpose perfectly,

and the addition to the lamp of the pipe above-mentioned does not affect either

its security or its illuminating power.”
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By the aid of Liveing’s firedamp

detector,* very small quantities of gas in

the underground workings may be de-

tected. It is shown at Figs. 392-395 and
consists of a brass tube about eight inches

long by one-and-three-quarters inches

diameter, closed at the ends by discs of

hard wood. Through these discs are

passed the insulated connection wires.

At G and P these wires carry fine

platinum spirals, the one at P being
enclosed in a glass tube R, and that at G
being exposed to the air within the instru-

ment. Between the platinum spirals is

supported a small wedge-shaped screen

C by means of an arm F. The two sur-

faces of this screen are covered with

white paper and can be seen through the

glass disc J in the side tube H, to which
the arm and screen are attached.

By means of a battery worked by hand,
an electric current is passed as shown
by the arrows till the spirals attain a red

heat. One side of the screen C is illu-

mined by the covered wire P, the other

by the working wire G, the wires them-
selves being hidden from view whilst the

instrument is in use.

On passing the electric current under
ordinary conditions of the air inside the

instrument, the two surfaces of the screen
C appear equally illuminated on being
viewed through the glass disc J ;

but if

inflammable gas is present that side of

the screen which is opposed to the work-
ing wire G appears brighter than the

other. To measure this inequality of

brightness, the screen C is moved towards
the covered wire P, the movement being
effected by sliding the side tube H in

that direction. After the screen is so ad-

justed as to make its two surfaces appear
equally illuminated, the amount of move-
ment given the side tube is made to

read a graduated scale showing the corre-

sponding per centage of gas present in

the air from J to 4 as marked on the draw-
ing, Fig. 392. An index is fixed to the

outer tube N by means of which the per centage is read. The side tube H which
carries the arm F and screen C, is screwed into the outer tube N of the instru-

ment and a slot is cut in the body of the instrument to allow the necessary

travel for the side tube H towards the covered wire P. In no position of the

ENLARGED VIEW OF THE
SCREEN C& SIDE TUBE F

Fig- 395-

Liveing’s Firedamp Detector.

* See Transactions, North of England Institute of Mining Engineers, vol. xxviii., pp.
167—170.



462 SAFETY-LAMPS AND FIREDAMP DETECTORS.

screen is the slot in the instrument uncovered. D D are two Hemmings jets,

which admit of the air being drawn into the instrument for examination through
bundles of iron or copper wire in the tubes. This is effected by placing the

mouth of the observer over the lower orifice and drawing in a breath. The outer

air then enters the instrument. The platinum spirals are heated red by passing
the electric current and the photometer (light-measurer) is adjusted by the sliding

movement given it if inflammable gas is present. When two or three per cent,

of gas is in the mixture the difference in colour of the light causes some difficulty

in judging correctly the precise position of the screen. To overcome this

difficulty, one half M, Fig. 395, of the side of the screen next G is covered with

yellowish red paper, the other half K being left white. For quantities up to 1

per cent. K is compared with L, but in larger quantities M is employed
instead of K, as its tint resulting from the yellow surface neutralizes the

very white light given by the working wire G and gives facility for accurately

judging the position of the photometer. In case of an explosion inside the

instrument it cannot be communicated to the outside, as the hot gases become
cooled in passing through the bundle of iron or copper wires in each of the

entrance tubes.

Lewis and Maurice s fire-damp indicator (the invention of Sir William
Thomas Lewis and Mr. A. H. Maurice) is shown in Figs. 396-399.* E is

an air chamber, containing about 2 cubic inches of air; in it the mixture of

gas and air to be tested is burned. A gauge J has an ivory scale attached

to its upper limit F, graduated to read to J per cent, of firedamp. A light

brass shield H protects the upper limbs F G of the gauge. The bottom
of the air chamber consists of a brass cap, fitted with a leather washer, to

ensure its screwing on quite air-tight. The bottom of the air chamber is

shown unscrewed in the sectional elevation at Fig. 396, but screwed on in the

side elevation in Fig. 397. It is removed to admit of the entrance of the sample
air to be tested. K is a platinum wire J of an inch in length and of a size

suitable to offer such resistance to the electric current passing through it, as to

heat it to redness. It is placed in the air chamber as shown in the figure and as

the air chamber is made of brass, the battery connections are insulated at L L
where they pass through the side of the instrument.

J is a glass cylinder forming part of the gauge, 2 inches high and *8 inch in

diameter closed at the top and bottom with brass caps cemented on. A small

glass tube F extends from within ’05 inch of the bottom of the glass cylinder J,

through its upper end to a vertical height of about 7 inches, where it is bent back
to form the descending tube G, parallel to F till it terminates within the air

chamber. Coloured glycerine is placed in the gauge-glass J, till it reaches to a

height of half-an-inch. The remaining portion of the gauge-glass cylinder J
contains air at a pressure which exercises sufficient force on the glycerine to

drive it up the glass tube F till it stands about half way up the tube. The
sectional area of the cylinder J compared to that of F, is as 30 : 1, so that on the

air in J expanding -^th of an inch, the displaced liquid will rise 1 inch in the

tube F. The height of the air column in the cylinder J is ij inches. When it

expands 1 per cent, of its volume, the liquid enclosed in J will be displaced to

an equal extent, or 1 per cent, of 1*5 inch = ‘015 inch and it therefore rises in

the tube *015 x 30 = *45 inch, but allowing for the back pressure due to the

weight of the liquid in the tube F, it really rises *4 inch. It is thus seen that a

reduction of the normal air pressure of 1 per cent, in the air chamber E will

cause the confined air in J to expand 1 per cent, and in doing so drive the

liquid ’4 inch higher in the tube F. The reduction in air pressure in the

See Transactions, South Wales Institute of Mining Engineers, vol. xv., pp. 39—43.
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chamber E is brought about by burning out the firedamp which forms part of

the mixture being tested, resulting in a partial vacuum in the air chamber.
To make a test with the indicator, the bottom of the air chamber is unscrewed,

SccvL&. ft FudL Svz e*.

Fig. 396.

Fig. 398.—Section through C D.

Lewis and Maurice’s Firedamp Detector.

and the instrument held on its side, with the open end turned to the air-current
so that the air enters and fills it. If out of a current or where there is not
sufficient motion in the air, the instrument should be moved to and fro a few
times. When the air chamber is thus filled, the cap is screwed on and the
index finger or pointer attached to the scale is moved along it till it is level with
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the top of the liquid in the gauge-glass. The indicator is attached to a battery

which accompanies it, or a pocket accumulator designed for the purpose, and
the current passed for 14 seconds. The per centage of gas present in the

mixture (if any) will be shown by the liquid in the gauge-glass rising above the

index finger, and this amount may be read off from the scale, which is graduated
to f per cent, but if smaller gradations are required they can be indicated.

The gas is not ignited, as in ordinary combustion, by the indicator, the tem-
perature of ignition not being attained by the platinum wires, but as it in effect

burns in the closed chamber a chemical change takes place. The platinum
wire at a red heat burns the carburetted hydrogen. During the process, oxygen
and hydrogen combine to form water which is dissipated in vapour, and carbonic

acid gas is formed. As a result of the chemical changes, the products of the

combustion plus the remainder of the air, occupy less space than that occupied
by the original mixture of air and gas, and as the burning takes place in a closed

vessel a partial vacuum is formed in it. It will be understood how the creation

of this partial vacuum disturbs the pressure in the confined cylinder J.

It is necessary to accurately time the passing of the current, as the 14 seconds

is the time required to burn half the gas in the air chamber and in graduating

the scale the gauge is made to show the full quantity of gas when only half has

been burned out, the rate of burning being uniform.

By placing the cylinder forming the lower portion of the glass-gauge J within

the air chamber E, the air in both is subject to the same temperature at all times.

If this were not so, the expansion due to heating the air in the air chamber by
the platinum wires during a test, would depress the liquid in the gauge, but this

is obviated by bringing the enclosed air in J under the same heating influence as

that in E. Both may expand but they do so equally, so that the gauge is not

affected when a test is made. Thus when the cap is unscrewed from the bottom

of the instrument, the level of the liquid may be disturbed in the same way as

that in a thermometer, but whatever level it assumes, after screwing on the cap

with the test sample of air enclosed, the index finger is made to agree with it by
sliding it along the scale.
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CARBONIC ACID GAS DETECTOR.

An apparatus for ascertaining the amount
of carbonic acid gas, or carbonic anhydride,

in the atmosphere of a mine is shown in Fig.

400.* It is the invention of Herr Pieler, and
consists of a burette B with glass cock A, the

long stem C of the burette being graduated

to indicate definite proportions of the con-

tents of B. D is a three-way cock, and F
a vessel for potass ;

E is an india-rubber

pump by means of which the air to be ex-

perimented on is drawn into the burette

through the cock A. When the burette is

full the cock D is closed, and the contents of

B are in free communication with the potass

in F. The contents of F and B are then

shaken together, causing them to mix as

much as possible, when, if there is any
carbonic acid gas in the burette B, it will

have been absorbed by the potass, and its

place will be occupied by some of the fluid

passing out of F into C, and when F is

moved up or down till the top of the fluid

in F is on a level with that in C, so that no
undue pressure may be exerted to raise the

level in C, the gradations on the stem will

* See Transactions, North of England Institute of Mining Engineers, vol. xxxiv., p. 287.

C.M.H. H H

Fig. 400.—Pieler Carbonic Acid Gas
Detector.
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indicate the percentage of the gas which previously existed in the mixture and was
afterwards absorbed by the potass.

COAL DUST.

Closely connected with the lighting and ventilation of collieries is the effect of

coal dust in promoting or increasing the disastrous effect of explosions. It is

only of late years that attention has been to any extent directed to this question,

but the experiments by Mr. W. Galloway (whose name will always be honourably
associated with this matter), and those of the Royal Commission and others, prove
beyond doubt that the existence of fine coal dust in the underground roadways
and workings of fiery mines is a dangerous element, and that it has played an
important part in colliery explosions. Coal dust consists of minute particles of

carbon, and as these are mixed with the air in the workings they appear to be liable

to combustion. The discussion on this subject is only now proceeding and definite

conclusions on the subject have not been arrived at. It is doubtful whether
explosions of coal dust occur on any large scale where the mine yields no fire-

damp, although a blown-out shot may fire the coal dust. It is stated, however,

that if a small quantity of fire-damp be present and fired in this way, its effects

are much intensified and the explosion is extended along the roads containing

coal dust, which thus feeds the flames of the explosion. Although there

may only be a small quantity of gas, the flames, when thus started over a dusty

road, are carried to a point far beyond that due to the simple explosion of the

inflammable mixture of fire-damp and air. These facts are now fully recognised,

and in dry fiery mines, where coal dust is largely produced, it is becoming a

general practice to remove the dust, and to moisten the roof, floor, and sides of

the roads. Mr. Galloway says that i per cent, of fire-damp mixed with coal-dust

and air forms an explosive mixture. Sir Frederick Abel states that from 2 to 2\
per cent, of fire-damp in the mixture is necessary.

From the remarks made on Ventilation, it is easy to see that any ventilating

current after descending the downcast shaft will have its temperature raised as it

passes round the workings; its capacity for absorbing moisture being thus

increased, in comparatively dry mines the natural result of such absorption is to

leave large quantities of dust. Nearly all deep mines are dry, and if fiery, as

well, the usual practice now is to water them. A simple form of watering the

roadways is by a water tram having a perforated pipe through which the water

spurts out much in the manner of town water carts. This water tram may be
attached to the sets of tubs on engine planes, or be hauled about by a horse.

But the distribution of the water by this means is not very perfect, and latterly

the watering of mines has been done by means of pipes and jets. In Mr.

Blakemore’s patent, a pipe is carried along the roadway to be watered at a con-

venient height above the floor. A parallel pipe, connected at intervals with the

main pipe has continuous small perforations, the latter being in constant opera-

tion discharging jets or sprays of water. A cistern with an ordinary ball tap is

placed at a suitable height in the shaft to get the required pressure, and this

cistern supplies the pipes leading into the workings. The air current is thus kept

moist as well as all the surfaces, and no dry dust can be raised.

In recent experiments made for laying the dust, efforts have been directed to

the most suitable means for perfectly saturating the intake air, and from these it

appears that this may be done by the use of specially made “ spray-producers.”

From these the water issues in the form of spray or mist of such exceeding fine-

ness as to be absorbed by the intake air to the point of saturation. This con-

dition of the air is maintained by placing the spray-producers at suitable intervals

along the roadway. A vertical branch pipe having an internal diameter of J an

inch is laid from the main road pipe to the roof and carried to the centre of the
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roadway. The pressure of the water may be from 100 to 150 lbs. per square
inch, and issues downwards through the spray-producers, which are placed at

intervals of about 50 yards along the roadway. Each branch pipe is provided
with a regulating cock.

At collieries where compressed air is used, a better result in the system of

damping the intake air will be obtained by the use of compressed air in conjunction
with water conveyed in the pipes as just described. A main pipe is necessary to

convey the compressed air along the main intake, but probably that is already

laid to supply some machinery in the workings. At each spray producer a J-inch
branch pipe leads out of the main compressed air pipe and may be laid parallel

to the water pipe branch. The compressed air-pipe is connected to the water-

pipe by a nozzle in the interior of an ordinary T-pipe, which forms the junction

of the air and water. The water is driven out by the air through an adjustable

spray producer, which is regulated by means of a nut and screw. Spherical valves

are placed in both the air and water pipes to prevent the water from passing into the

air pipes and also the air from escaping into the water pipes should any accident

occur to the water main. The air and water issuing at the spray-producer become
mechanically mixed, in infinitesimal globules, and as the pressure of the air gives

considerable impetus to these the moisture is carried further than with the

globules of water unmixed with air. Consequently, where compressed air is

used, the spray producers may be placed at greater intervals apart, probably from
100 to 400 yards, to suit the circumstances of each colliery. A further advantage
of the air-and-water system arises from the fact that a much lower pressure of

water can be used. Indeed, it is only necessary for the water to have sufficient

pressure, when throttled down, to find its way into the chamber where the com-
pressed air meets it and drives it out. In shallow pits, where no head of water

can be obtained, this may be a better means of laying dust than adopting some
expensive plan to get sufficient head of water.

The working faces may be damped as well as the main roads by either the

water, or the air-and-water system. The pipes are laid to the face and the spray-

producers fixed there. In compliance with the Act of Parliament, no shot is to be
fired in the presence of dust, but if the dust is destroyed by damping, for a radius

of 20 yards from any shot-hole and no fire-damp be present, the competent man
appointed for the purpose may fire the shot.

EXPLOSIVES AND BLASTING OPERATIONS.

Probably no mining subject has had more attention during the past few years

than that of blasting. By the Mines Act, 1887, various new restrictions are

imposed on the use of explosives, both as to the actual process of blasting, and

the places where it is permitted.

The use of explosives- is intimately connected with the lighting of mines, and
their freedom, or otherwise, from gas and dust. Thus, wherever safety-lamps are

used shots can only be fired by or under the directions of a competent person

appointed for the purpose. Similarly, wherever a mine is dry and dusty the

same restriction is imposed. Further, where safety-lamps are used, the com-
petent person may not fire a shot unless “ he has examined the place itself, and
all contiguous accessible places of the same seam within a radius of twenty yards,

and has found such place safe for firing ”
;
and if gas has been reported in the

ventilating district at any of the four inspections recorded last before a shot is to

be fired he must also examine the place or places, and see “ that such gas has

been cleared away, and that there is not at or near such place sufficient gas

issuing or accumulated to render it unsafe to fire the shot,” or if this is not the

condition of the place as regards gas the shot can only be fired if it is “ so used

h h 2
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with water or other contrivance as to prevent it from inflaming gas, or is of such
a nature that it cannot inflame gas.”

Then, if the place is dry and dusty (without reference to gas), such place and
all contiguous accessible places within a radius of twenty yards, must be
thoroughly watered, or have treatment equivalent to watering, but if watering

would injure the roof or floor, then the explosive may be used with water or other

contrivance so as to prevent it from inflaming gas or dust, otherwise the explosive

must be “ of such a nature that it cannot inflame gas or dust.”

A further restriction is applicable to any part of a main haulage road, or place

contiguous thereto, showing dust adhering to the roof and sides. Not only must
the place of firing, and within a radius of twenty yards, be watered, or have
treatment equivalent to watering, but the explosive must be used with water, or

other contrivance, so as to prevent it from inflaming gas or dust, unless it is of

such a nature that it cannot inflame gas or dust. An alternative to this is, that

one of the conditions mentioned must be observed, and all workmen—except

those engaged in firing the shot, and others (not exceeding ten) employed in

attending furnaces, boilers, engines, signals, or horses, or inspecting the mine

—

removed from the seam or seams on the same level.

Thus it will be seen that, with one exception, greater stringency is now required

in the matter of blasting than formerly. Under the Act of 1872, where gas had
been found issuing so as to show a “ blue cap ” on the flame of a safety-lamp,

shots could only be fired in coal-work when persons ordinarily employed were
out of that part (which was decided to mean the “ ventilating district ”) of the

mine. Now, if certain safeguards are employed, shots may be fired with all the

men in the mine.

Where an explosive is required in the actual getting of coal, as in those cases

where the reduced percentage of large coal and its enhanced cost with hand labour

alone do not result in a fair profit, Gunpowder is still found the most suitable

agent.

As used in mining, gunpowder is a mechanical mixture of charcoal, sulphur,

and saltpetre, in the proportion of 65, 15, and 20, respectively, out of 100 parts.

Charcoal and sulphur, which inflame readily enough in air, are consumed more
quickly if supplied more freely with oxygen. The saltpetre, closely incor-

porated with the sulphur and charcoal, supplies the necessary oxygen, and thus

promotes rapid combustion. The explosive force of gunpowder depends on the

sudden formation of gases, chiefly nitrogen and carbonic acid, which, at the high

temperature at which they are evolved, amount to about 2,000 times the volume
of the powder employed. The granular form of the gunpowder increases the

rapidity of its combustion, as the flame is better able to penetrate it, and thus

kindle every grain almost at the same time. For this reason, in mining, where

it is desirable that the combustion should be comparatively slow, the powder is

coarse-grained. The temperature at which it explodes is about 6oo° F. Although

the principal products of its combustion are carbonic acid and nitrogen, with the

vapour of water, carbonic oxide and sulphurous acid are sometimes produced in

rather dangerous proportions. The combustion being comparatively slow, the

pressure resulting from the expansion of the gases has more time to act on the

mass, and, in coal-getting, to rend it without much shattering effect, thus

admitting of larger coals being obtained than by the aid of a quicker explosive.

A great drawback to the use of gunpowder in mining is the large amount of

flame emitted from the shot on ignition. This emission of flame is a thoroughly

recognised element of danger in mines producing fire-damp, especially where

they are dry and dusty
;
and even without fire-damp many mining engineers,

managers and others, are firmly convinced that there is considerable danger in

using powder where a place is dry and dusty. Without actually prohibiting its
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use, the Legislature has endeavoured to minimise the risk in both cases by the

I stringent regulations already referred to.

Cartridges made of compressed gunpowder have been used during the last

few years, the object being to obtain within a minimum volume a given store of

power. These cartridges are very convenient, being purchased ready for use, and

\
obviate the danger attending the making of cartridges from loose powder, which
operation is often left for the miners to do at their homes. Where the shot-hole

1 can be bored truly circular there is no practical objection to the use of com-
pressed-powder cartridges. Numerous accidents have, however, happened with

them, probably caused by the cartridges having exploded owing to the heat

generated by excessive friction while being forced into holes either too small or

not truly circular.

The Mines Act, 1887, prohibits explosives being taken into a mine except in

cartridges, unless such mine is exempted from the clause by order of the Secre-

tary of State. Although not expressed, probably it is the intention of the Act that

the explosive shall not only be taken into the mine, but also be used in cartridges

—unless the mine is exempted. The grounds for claiming the exemption are

not stated in the Act, but apparently this provision is intended to meet those cases

where it is more practicable to use powder in the loose state, and because of a

difficulty in boring holes round enough for cartridges, which difficulty undoubtedly
exists in certain kinds of rock, and even in fireclay containing nodules of iron-

stone.

Modern explosives are, for the most part, nitro-compounds in some form, and
these may be reduced to two, viz., gun-cotton and nitro-glycerine.

In the manufacture of Gun-Cotton
,
cotton waste is steeped in a mixture of

sulphuric acid and nitric acid. During this process three equivalents of hydrogen
are removed by the oxidising action of the nitric acid, and replaced by three

equivalents of nitric peroxide. After steeping, it is washed in water, and cleansed

from acid, following which it may be stored, or converted into other compounds.
Although its constitution is different from what it was when placed in the bath, its

appearance remains the same.

Gun-cotton explodes at 400° F., and as gunpowder explodes at 6oo° F., gun-
cotton may be fired on gunpowder without igniting it. It has double the explosive

force of gunpowder, and has the advantage of yielding no smoke. Time,
moisture, and exposure do not alter its qualities. It is exploded by detonation.

Cotton-powder is gun-cotton reduced to a fine state of division.

Tonite is cotton-powder, with the admixture of a nitrate or similar body.

In the manufacture of Nitro- Glycerine
,
a similar chemical change takes place to

that obtained in the manufacture of gun-cotton. In this case the nitrification of a
liquid is effected, viz., glycerine. Glycerine is mixed with nitric acid, and the

mixture allowed to fall or drop in a narrow stream into water, when the nitro-

glycerine immediately separates.

The action of the nitric acid removes three equivalents of hydrogen, and
replaces them by equivalents of nitric peroxide, and without apparent change
in the material.

Nitro-glycerine in its liquid state is inconvenient to use. Moreover, it is

highly dangerous while in this condition.

It is susceptible to ignition in two ways. If burned at the wick of an
ordinary spirit lamp, and the experiment be conducted by a skilful operator, it

burns quietly and harmlessly. This experiment is too dangerous to be entrusted

to any but skilled hands. Similarly, gun-cotton may be comparatively safely

lighted by applying a flame to it, when it will burn rapidly without explosion.

When nitro-glycerine or gun-cotton are ignited by means of a detonator,



4^0 SUNDRY AND INCIDENTAL OPERATIONS AND APPLIANCES.

extreme rapidity of decomposition and combustion follow, and cause a violent

explosion.

Dynamite is manufactured by impregnating a spongy kind of clay, called

kieselguhr, with nitro-glycerine, in the proportion of 25 parts of the former to 75
parts of the latter, so as to form an explosive of a less objectionable nature.

When in a proper condition, dynamite is plastic, safely handled, and very

convenient for use as an explosive. Irregularly shaped shot-holes may be charged
with it. It does not explode by spark or flame, but by detonation.

When the cartridges are below 32
0

F. in temperature, they will not explode

except with difficulty
;
indeed, they are not in a safe condition when under 40° F.,

at which temperature the nitro-glycerine in them freezes. When in this condition

they require to be thawed, or “ tempered,” before use, and this operation should

only be attempted by the use of a “ warming-pan,” such as the makers of dynamite
supply, and the instructions issued by the makers with each packet of cartridges

should be strictly adhered to, in order to prevent accident.

The explosion of pure nitro-glycerine being so much more destructive than that of

an equal weight of dynamite, efforts have been and are still being directed

to substitute for kieselguhr (which is an inert substance) some absorbent body
which will also assist the explosion. Thus, Litho-fracteur has a proportion

of clay, with saltpetre and sulphur. Other combinations have been tried, all of

which act very similarly.

Shots charged with the nitro-compounds, or high explosives, as they are some-
times called, are violent in their action, and shatter the material in which they are

exploded. Although unsuitable for coal-getting, they are most usefully applied in

extra strong rippings, in stone drifts, in sinking shafts, or where the presence of

water interferes with the easy use of powder.

Bellite is a new explosive, and is said to be as explosive as No. 1 dynamite,
although it is not a nitro-glycerine compound. It is the invention of Mr. Carl
Lamm, and is composed of four to five parts by weight of ammonium nitrate, and
one part of dinitro-benzene. The powder has a yellowish colour, is almost dry
to the touch, and, as it is said to act like the best slow powders, is very useful for

coal-mining.

The actual work performed by any explosive used in blasting operations is

limited by incomplete combustion, compression, and other changes in the

material operated on, energy given out in cracking and heating material not
displaced, and escape of gases through the shot-hole and fissures caused by the

explosion. The useful work produced by various explosives has been estimated
at from 14 to 33 per cent.

BLOWN-OUT SHOTS.

When the explosion of a shot results only in the blowing out of the stemming,
or in doing little or no work, it is said to be a “ blown-out shot.” This result

may be caused either by the shot being badly stemmed, or by its being im-
properly planted with regard to the work which it is intended to do. In the

blasting of coal, if the shot-hole extend even a short distance beyond the holing,

so as to make a “ fast-end,” there is liability to a blown-out shot
;
in stone-work

especially, unless skill is exercised in so planting the hole that it shall not have
too much resistance, there is still greater liability for this to happen.

For years this subject has had considerable attention. It is a very important
one, for undoubtedly many serious explosions have arisen through the flame from
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a blown-out shot igniting gas, or gas and dust, and, in some instances, dust

alone.

Experiments have shown that in air containing 6 per cent, of inflammable gas

the flame from a blown-out gunpowder shot extends to 15 yards, but under such
circumstances no shot should on any account be fired. Even with no gas the

flame will reach a distance of 13 feet, with clay used for stemming.
Johnson’s tamping plug is said to be a reliable remedy for blown-out shots.

It saves time in stemming, and its use ensures getting the greatest possible

amount of work from the explosive charge. It is said that it effectually prevents

the shot from blowing out even in fast holes. A special drill has been designed to

bore the hole, which is circular in shape. The plug is made of phosphor-bronze

14 inches long, and accurately fits the shot-hole. A small machine for making
plastic pellets from the underclay of the coal-seam accompanies the plug and
drill. After the explosive charge is placed in the shot-hole, to prevent the gases

from entering between the plug and the sides of the hole, one or more of the

plastic pellets is interposed between the charge and the plug. One or more of

the pellets is placed over the plug outside and the tamping is completed. The
pressure of the gases given off from the explosion must go on increasing till the

material in which the hole is drilled, yields, or the whole of the charge is burned.

Even with flameless explosives, the use of the plug is to be recommended, as it

ensures the greatest possible effect from the charge used, and the plug may be
used over and over again. To facilitate its recovery after use underground it

may be painted white.

CHARGING, STEMMING, AND FIRING SHOTS.

The comparatively minor operations of charging, stemming, and firing shots

are of sufficient importance to require careful study, for although they are left to

ordinary workmen as a rule, they nevertheless demand skill and care on their

part as well as direction and guidance on the part of those acting in the

management. The firing of shots has always been a source of danger in mines,

and with the view of the further diminution of accidents the subject has, under
the Act of 1887, more restrictions imposed on it than formerly. Thus, it is now
made clear that all iron or steel tools are prohibited in the charging and stemming
of shots, the object being to guard against accidents from sparks kindling the

charge prematurely. Coal or coal-dust must not be used in stemming, thus

reducing the chance of a large flame issuing from the shot. There can be no
doubt that the use of small coal for stemming lengthened the flame from a gun-

powder charge very considerably. A further restriction is, that no explosive shall

be forcibly pressed into a hole of insufficient size, which, again, is intended to

minimise the risk of premature explosion.

The unramming of a shot which had missed fire was formerly an illegal act,

and it remains so. Besides this, where a shot has missed fire, another hole for

a charge shall not be bored at a distance less than six inches from the former.

There can be no question as to the necessity for these restrictions in the use of

explosives, nor any doubt that the proper observance of the whole of the

regulations relating thereto will tend to increased safety.

In the stemming of shots, probably no better material can be used than clay,

made up in pellets. The mode of procedure is as follows :—After the charge

has been carefully pushed to the end of the hole, a pellet of dry clay is first put

in and pressed firmly against the charge, a copper or wooden rammer being used

for the purpose. Other pellets are inserted, one at a time, and pressed in by the

rammer, which may then be struck lightly by a hammer, and the operation

repeated until the hole is filled. Where no suitable clay is available care should

be taken to use a soft material, free from grit, but which is not of a coaly nature,
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Shots are fired by the aid of either straws, paper squibs (each filled with fine

powder), safety fuze or by an electric shot-firer.

Where a straw or squib is used, after the explosive charge has been placed in

the hole, a copper pricker or needle is inserted, the pointed end being pushed
gently into the charge, whether consisting of a cartridge or loose powder. The
handle end of the needle projects from the hole a few inches. The rammer has
a groove formed at its side, so that it may slide on the needle during the opera-

tion of stemming. When this is completed the needle is carefully withdrawn by
giving it a twisting motion while doing so. The straw or squib is then inserted

in the needle-hole, and the space between the stemming and the straw or squib

closed at the mouth with a piece of soft clay. A “ match,” consisting of a piece

of touch-paper, or a piece of lamp-cotton twisted straight and oiled, is fixed on
the end of the straw or squib, and the shot is then ready for lighting.

An objection to both straws and paper squibs is that they may not always
allow sufficient time for the shot-firer to be well out of the way before the

explosion takes place.

In firing by means of safety-fuze a needle is unnecessary. The fuze

is put in the shot-hole in contact with the explosive charge and the hole

stemmed, the coating of the fuze preventing injury thereto during the process.

The best fuze should be used. It burns at the rate of about 32 inches per
minute, thus allowing more time for the shot-firer to withdraw to a place of

safety. To ignite the fuze the shot-firer opens about an inch of the end into two
or three parts, and fixes in it a piece of tinder or touch-paper. Where safety-

lamps are in use, the touch is kindled by a fine wire passed through a hole in the

gauze of a safety-lamp, the ends of the wire remaining in contact with the flame

and the touch-paper respectively until the wire becomes red-hot and the touch
burns.

Firing shots by means of electricity, although adding slightly to the cost, is

doubtless the safest method that can be adopted. An electric fuze or “ ex-

ploder ” is required. It consists of some explosive compound which is capable

of being acted on by an electric current so as to produce an explosion. One
method of firing is by inserting in the exploder a fine platinum, iron, or alloyed

metal wire, and connecting this with other wires in the circuit of a powerful

voltaic battery. The fine wire not having sufficient conducting power offers

sufficient resistance to the electric current to heat the wire to redness and thus

cause an explosion of the compound in contact with it. Another method is to

make a sudden discharge of static electricity take place between the terminals of

two wires embedded in the charge. The passage of the sparks between the

terminals causes the explosion of the fulminate, which then fires the shot.

An electrical machine for exciting and accumulating electricity, and conducting

wires are also necessary. If it is desired, a large number of holes may be fired

simultaneously. The usual practice is for the whole apparatus to be placed in

the hands of a competent man, and an assistant, who travel from place to place,

and charge and fire the shots if, after the prescribed examination of the place

and its vicinity has been made, it is found safe to do so.

Some electric shot-firers test the caps before firing them.

In firing by electricity it is of the utmost importance that the wires or “ cables
”

be left unconnected with the battery until everything else is in readiness and the

persons present have removed from the position of the shot to a place of safety.

In charging a hole with cartridges of dynamite or similar compounds, one or

more being used according to the charge required, each cartridge should be

pushed quietly home with a wooden rammer. If safety-fuze is used, a suitable

length is taken, and one end,—cleanly cut,—is inserted in a detonator-cap down to

the fulminate, and the cap well closed over the fuze by pressing with circular

nippers. In wet places, or if water is used in tamping, the junction of the cap and
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fuze should be well greased. A small cartridge, called a “ primer/’ is then

opened for the reception of the detonator-cap, The cap, with the fuze attached,

is inserted in the primer to a depth of about three-fourths of its length, and the

paper covering securely tied round the fuze with string. The primer and fuze

are then ready for being placed on the charge in the hole, after which some loose

stemming is put in and the hole stemmed as may be necessary.

Where gunpowder is now used for blasting, it is usually in cartridges, and in

damp places the cartridge-paper should be waterproof. If there be water entering

the shot-hole through fissures, it should be kept back by clay well rammed into

the hole.

Experiments have been made in ordinary blasting to ascertain how far wooden
plugs pierced with a hole for the fuze, and 6 or 8 inches long, could be sub-

stituted for tamping, but they were not attended with much success. It was
found that, in most cases, the gases escaped between the plug and the sides of

the shot-hole before ignition was completed, and that the plug was blown out

like a projectile.

THE PREVENTION OF FLAME FROM SHOTS.

Where blasting operations are unavoidable in mines which are either fiery or

dry and dusty, it has become an absolute necessity to use means whereby flame

shall not issue from the shot on its explosion, if the explosive used be one which
produces flame.

Before the passing of the Act of 1887, however, efforts had been made to

attain this object, amongst the first of which was the method of surrounding the

charge by water before it was placed in the hole. This “ water-cartridge,” as it

is called, is the invention of Mr. Miles Settle, and is used in conjunction with

Nobel’s gelatine-dynamite. When properly manipulated it is an effectual pre-

ventive of flame.

The Water-Cartridge consists of a cylindrical case of specially prepared water-

tight paper, 18 inches long by 2 inches in diameter. In the centre of this case
the explosive is placed and kept there by thin metal webs or diaphragms, the last

cartridge or primer having inserted into it the detonator with wires for electric

firing. The space between the charge and the paper cartridge is then filled with

water, and the outer end firmly tied round the projecting wires. The charge is

then ready for being placed in the shot-hole.

The Gelatine-Dynamite or Gelignite is a nitro-compound containing 80 per

cent, of blasting gelatine (consisting of nitro-glycerine and nitrated cotton), 1 5 per

cent, of nitrate of potash, and 5 per cent, of wood ground into fine powder and
freed from all resinous matter.

The following information and instructions on the subject have been supplied

by Nobel’s Explosives Co., Limited, Glasgow :

—

“ The frequent recurrence of colliery disasters directly due to the use of blasting

powder has drawn public attention, more especially in recent years, to the neces-

sity for adopting some other method of coal-getting, and the efforts of many
scientists and mining engineers have long been directed towards the attainment

of so desirable an object. On the Continent, as well as in this country, Govern-
ment inquiries have been instituted, and the study of this subject has led to a

wonderful development in mechanical means of coal-getting, and in improved
systems of blasting, accompanied by the introduction of new explosives, &c.

;
but,

unfortunately, the majority of the inventions brought before the public have tended
much more to increase the cost of obtaining coal than to advance the object in

view. Among methods other than those which depended solely upon the use of

mechanical appliances may be mentioned the hydrogen cartridge of Dr. Kosman,
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the lime cartridge, the use of water-tamping and moss-tamping with explosives.

Other systems, from their obvious impracticability, need not be referred to here,

and of those mentioned above, none appear to have made any appreciable
headway.

“ To Sir Frederick A. Abel, C.B., F.R.S., the celebrated War Department
Chemist, the principle of the water-cartridge, in its original form, undoubtedly
owes its origin. So far back as 1880 this distinguished scientist conducted expe-
riments in the Garswood Hall Collieries, near Wigan, which clearly demonstrated
that dynamite, in conjunction with waterproof envelopes, might be effectively

utilised in coal-blasting. These experiments were further pursued under the

direction of the Royal Commission on Accidents in Mines, on which Sir F. A.
Abel occupied a prominent position

;
and the results obtained showed that the

adoption of a water-cartridge would eventually solve the difficult problem of safety-

blasting in fiery mines and in the presence of coal dust.
“ In the meantime, however, two events happened which were destined to have

a most important bearing upon the question of safety-blasting. These were the

patenting by Mr. Settle of his improved water-cartridge, and the introduction into

Great Britain of the gelatine explosives of Mr. Nobel. Mr. Miles Settle, the

managing director of the Madeley Coal and Iron Co., Madeley, Staffordshire, and
of the Darcy Lever Collieries, Bolton, himself a practical coal worker of wide
experience, conceived a method by which the safe use of the water-cartridge might
be ensured, and his invention was patented in October, 1882. Meanwhile the

gelatine compounds manufactured under the patents of Mr. Alfred Nobel were
placed on the market

;
but it was not until after 1885, when these explosives had

been brought into more general use by the introduction of two moderately-priced

compounds, known as gelatine-dynamite and gelignite, that the advantages of

combining their use with the water-cartridge became strikingly apparent. Among
other facts which were brought into prominence by experiments conducted on
behalf of the two patentees was the important discovery that the gelatine ex-

plosives invented by Mr. Alfred Nobel possess in themselves qualities which
render these compounds specially suitable for safety-blasting. When used for

blasting in the ordinary way they give off flame and sparks to only a very limited

extent, and in this respect recommend themselves, even when employed without

the water-cartridge, as yielding a degree of safety in coal-blasting to which no
other explosive has yet attained. To this valuable recommendation they add the

important distinction of being practically impervious to water, which is an ad-

vantage that is shared by no other explosive.
“ The improved water- cartridge of Mr. Settle consists of a simple arrangement

of discs or tin supports (see Figs. 401—404), whereby a most essential advan-

tage is obtained, namely, the fixing of the explosive charge in the water-cartridge

in such a manner that it is maintained in a central position so as to be entirely

surrounded by water
,
at whatever angle the borehole may be placed. This in-

vention of Mr. Settle obviates the danger which had hitherto existed of the ex-

plosive charge occupying a position of close proximity to the outer envelope, and
in consequence exposing an unprotected side or end to a “ blower

”
of gas, and

thus facilitating the escape of flame and sparks, which cannot be prevented by a

mere film of water, if even such were assumed to exist. In proof of the abso-

lute necessity for fixing the explosive charge in a central position, it maybe stated

that, in numerous carefully-conducted experiments, flame was observed when the

explosive was left unsupported and allowed to rest on the side or end of the

envelope.

“Before acquiring from Mr. Settle his valuable patent, Nobel’s Explosives Co.,

Limited, added still further proof of the reliability of the water-cartridge—if such

were needed—by means of an elaborate series of experiments conducted by
experienced mining experts in their employment, who submitted the patent
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gelatine-water-cartridge to crucial tests far exceeding what would ever be required

of it in actual use, and the results were in each case absolutely satisfactory. For
instance, the experiment of firing the water- cartridge in a barrel containing a

mixture of fine gunpowder has been frequently performed by the Company’s
experts without igniting the powder.

“ It will be seen from what we have said that safety and the other advantages

which we are justified in claiming for the patent gelatine-water-cartridge do not

only rest upon the invention of Mr. Miles Settle, but upon the employment of

the gelatine explosives of Mr. Alfred Nobel in conjunction therewith. The joint

use of the two inventions is indeed a most fortunate combination.
“ The adoption of the improved water-cartridge and the gelatine compounds by

Mr. Settle in his Madeley and Darcy Lever collieries, which are undoubtedly
among the most fiery in Great Britain, is a sufficient proof of the safety of this

method of blasting. In the collieries referred to, many thousands of water-

cartridge shots have been fired with absolute success during the past three years.

In the Fair Lady Pit, at Leycett, Madeley, where, on 6th January, 1880, a disas-

trous explosion occurred, caused by a blown-out gunpowder shot, and resulting

in the loss of sixty-two lives, no blasting of any kind was allowed until Mr. Settle

introduced his water-cartridge. Since the adoption of this system, blasting has

been regularly carried on for upwards of fifteen months with perfect safety, and
to the entire satisfaction of H.M. Inspectors and of the workmen employed in

the pit.

“It may be interesting to add that, between the 1st May, 1886, and the 31st

August, 1887, nearly 300,000 shots have been successfully fired with the patent

gelatine-water-cartridge.
“ As proved by the experiments conducted under the direction of the Royal

Commission on Accidents in Mines, all nitro-glycerine compounds do not possess

in an equal degree the safety or advantages of gelatine-dynamite and of gelignite,

which latter is another form of the same explosive. Dynamite, although it has

been employed with the water-cartridge in several experiments with comparative
safety, has in other instances shown sparks and flame, and, moreover, possesses

the disadvantage, that unless each charge is protected by a waterproof covering

it is liable to dangerous exudation of nitro-glycerine owing to the action of

water.
“ In view of the danger attending the use of dynamite, gun-cotton, tonite, gun-

powder, and other explosives with the water-cartridge, Nobel’s Explosives Com-
pany, Limited, consider they are justified in prohibiting the employment of the

Settle water-cartridge in conjunction with any explosive compounds other than

Nobel’s gelatine-dynamite and gelignite.”

The following description of the requisite appliances has also been issued by
Nobel’s Explosives Company :

—

“Accessories.— Water-Cartridge Cases (Fig. 402).—These are manufactured
from specially-prepared waterproof material. The water-cartridge case or bag
in general use measures 18 inches long by 2 inches in diameter; but several

other sizes may, under certain circumstances, be found to be more suitable, and
these can be procured on application.

“ Gelatine-Dynamite or Gelignite Cartridges .—These cartridges constitute the

explosive charge, and are supplied of varying lengths, according to the strength

of the shot required. Gelatine-dynamite and gelignite, when used in connection

with the water-cartridge, may be considered to be about four hundred per cent,

stronger than ordinary blasting powder. About 4 oz. of gelatine-dynamite, or

about 4 oz. of gelignite, are therefore equal to 1 lb. of compressed blasting

powder
;

but, as the results obtained in water-cartridge blasting are superior in

many respects to those obtained by ordinary powder blasting, the regulation of
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the charge can most readily be determined by experience. No other explosive

than these two gelatinous compounds should be employed with the water-cart-

ridge. One cartridge alone should be used, and on Fig. 401 B is shown the

method of fixing the electric detonator fuse therein.

Fig. 401. Fig. 402. Fig. 403. Fig. 404.

Settle’s Patent Water-cartridge.

Fig. 401.—A, Nobel’s Electric-Detonator Fuse. B, Cartridge of Gelatine-Dynamite, or Gelignite,
with Electric-Detonator Fuse, showing Detonator inserted overhead and fixed ready for
placing in Tin Support C.

Fig. 402.—Water-Cartridge-Case, prepared for insertion in Bore-hole.

Fig. 403.—Skeleton Water-Cartridge-Case, with charge in position.

Fig. 404.—C and D, Tin Support.

“ In exceptional cases, where it is absolutely necessary to employ more than one

cartridge, they should be connected by means of a wooden skewer (Fig. 405),
and squeezed tightly together. Figs. 406, 407, 408, show cartridges so connected.

This precaution prevents a film of water lodging between the cartridges, and thus

tending to cause a miss-fire.
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“ The sizes of the cartridges usually employed in water-cartridge blasting are

as follow, viz. :

—

| inch diameter x 3J inches long.

1 >> x 5 " >>

^8 >> >> x 6 ,, ,,

“Nobel's Electric Detonator Fuses (Fig. 401 A),—These are thoroughly reliable,

Fig. 406 Fig. 407. Fig. 408.

Settle’s Patent Water-cartridge.

Fig. 405.—Wooden Skewer for connecting Cartridges together.

Figs. 406, 407, 408.—Cartridges connected together to form One Charge.

and differ from the fuses of other manufacturers in several respects. They are

usually prepared with wires 54 inches long, but, if desired, they can be furnished

with wires of various lengths attached. Fig. 401 B shows the electric detonator

fuse inserted into the cartridge, the detonator being pressed in overhead and the

cartridge-paper tied over it, the twine being then twisted round the cartridge, to

keep the whole in position.
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“ Supports .—These are made of tin, and are so formed as to suit any size of
cartridge. Fig. 404 C, D show the tin support, and from Fig. 403 the method

Fig. 414.

Settle’s Patent Water-cartridge Appliances.

Fig. 409.—Wooden Tamping Rod. Fig. 412.

—

E and F, Insulated Cable.

Fig. 410.— Fuse Protector. - Fig. 413.—Scraper.

Fig. 411.—Electric Battery. Fig. 414.—Mechanical Drill.

of fixing the supports on the cartridge of gelatine-dynamite or gelignite will be
readily understood.”

The following are the permanent appliances which (in addition to the “ acces-

sories ”) are required when Settle’s water-cartridges are in use :

—

Battery , or Magneto-Exploder (Fig. 41 1).
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Insulated Cable (Fig. 412 E F).—Supplied with box and reel if desired.

Fuse Protector (Fig. 410).—A tapered hollow rod of Muntz metal for preserv-

ing the fuse wires from abrasion during the process of tamping.

Mechanical Drill (Fig. 414).—This machine is very strongly constructed, and
is specially adapted for preparing bore-holes for the water-cartridge. It is most
useful for coal, soft rock, or in moderately hard ground.

The feed of the mechanical drill is automatic, and so arranged that the screw

may be instantly withdrawn to change drills. The standard is so constructed

that it can be extended from its shortest length to within about one foot of double

that length. All the parts of this machine which are required to withstand strain

are made of steel, thus ensuring the greatest possible strength combined with

lightness.

For very hard rock the Elliott drill should be used, and it will be found to

bore any material capable of being penetrated by a rotary drill.

Tamping Rod (Fig. 409).—These are made of strong, tough wood, with ends
pointed of Muntz metal.

Scraper (Fig. 413) is a rod of Muntz metal, having a flat disc of the same
metal at one end, which is found of much use in clearing loose stone, &c., out

of the bore-hole prior to inserting the water-cartridge.

The possibility of the water getting out of the cartridge before a shot could be
fired suggested a means whereby this might be overcome, while the benefit of the

water was still retained, and this was attained by adding a proportion of soap or

other gelatinous substance. In this way, the cartridges are surrounded by a liquid

which shortly “ sets,” and there is no danger of its getting out.

Another method is to use common sand moistened with water, the cartridges

forming the charge being placed in the centre of the paper covering, which should

be large enough to admit of a thickness of half an inch of sand all round. The
paper cartridge for holding the wet sand should be made water-proof by soaking
in oil or paraffin, and then dried.

Tamping the charge with wet moss is another means used for preventing the

issue of flame, and appears to be fairly effective when used with gelatine-dynamite

as the explosive.

FLAMELESS EXPLOSIVES.

Three of the new explosives are said to be flameless, and to provide in their

composition all the advantages sought to be secured by water-cartridges, viz.,

roburite, carbonite and securite. The first, Roburite

,

has been tried and
stood the test of exhaustive experiment in this country. It is the invention of

Dr. Carl Roth, of Berlin. In appearance, it is like brown sugar, and if placed

on a bright coal fire it burns away, but not vigorously. It is about three times

as powerful as gunpowder, weight for weight, but about three times the cost.

Roburite is a mixture of two compounds, which are kept separate until the

employment of the explosive is required. Each of these compounds is harmless
in itself, is inexplosive, and does not easily catch fire. The mixture of the

compounds is done at central depots, from which consumers are supplied. As
showing how safe it is to handle after mixing, a light, if applied to it, does not
produce explosion, but causes it to burn with moderate intensity. Neither friction

nor percussion causes it to explode, and it is only when primed by a specially

strong detonator that it can be exploded.

Cases are reported in which workmen have been injuriously affected by the

fumes, or by handling the roburite. It is not, however, clearly proved that any
injury to health has been caused by the fumes, and the precise composition of

these, or the gases evolved consequent on the explosion of roburite, is a point which
requires clearing up. With regard to the handling, this difficulty may be met by
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not allowing the roburite to come into contact with any part of the person, to prevent
which the cartridges may be made up into any suitable size before being sent

to the pit. The Roburite Company issue full instructions, and, if these be strictly

followed, injury to the workmen from handling will not arise. A smaller quantity

of roburite is required for a given work than for some other explosives, a shot- !

hole ij inches in diameter doing the same work as a 2|-inches water cart-

ridge, and thus effecting a saving in expense. With roburite the flame is

quenched by the gases resulting from the explosion, the gases not supporting

combustion.

In the beginning of the year 1889 two medical practitioners and the professor of

chemistry in Owen’s College were appointed to investigate the effects of roburite on
the health of the workmen in the Park Lane Colliery, Lancashire. As a result of the

investigation, the committee came to the conclusion that, with care, the roburite

need neither be spilt nor come into contact with the hands of the operator, but in

some mines proper precautions are not observed, and cases of undoubted nitro-

benzine poisoning have been brought to the notice of the committee, due to

improper manipulation of the cartridges. The committee also found that roburite,

when properly confined, undergoes complete combustion, leaving no trace of

nitro-benzine derivatives unburned, but that there is a chance of incomplete com-
bustion occurring, owing to the explosive not meeting with sufficient resistance.

The following are the general conclusions and recommendations of the

committee :
—“ That although roburite itself is a strong poison, and undoubted

cases of poisoning have arisen from the use of it in coal-mines, yet, if stringent

care is exercised on the part of the managers, shot-firers, and colliers, the use of

roburite will not add to the harmful conditions under which the miner works. As
indicating the directions in which additional precautions are in our opinion most
necessary, we venture to add the following recommendations to our report:

—

(1) That the entire manipulation of the cartridges should be entrusted to special

shot-firers, who should be instructed in their use. (2) That the effective tamping
of the cartridges should be insisted on. Experiments would show by what means
the complete combustion of the roburite could be invariably secured. (3) That
every care should be taken to ensure the removal of the fumes from the working-

faces before the return of the miners, e.g., by continually bringing the brattice

cloth up to the working-face. (4) That the products of explosion should be

rapidly mixed with a large volume of air. We lay stress on the necessity for the

carbonic oxide being diluted with a large quantity of air before it can be breathed

with impunity by those who enter the mine.”

Carlonite is said to resemble gunpowder in its action more than any of the

new explosives, except that it is flameless when exploded. It is a nitro-glycerine

compound, containing about 25 per cent, of nitro-glycerine absorbed in a mixture

of wood meal, and saltpetre, with a little carbonate of sodium, and is made up

into cartridges of inch or upwards. It is of a brownish colour, and being of a

plastic nature it may be pressed into irregularly-shaped bore-holes so as to com-
pletely fill them. The cartridges may be stored for a considerable time without

losing their efficacy. When struck with a hammer or stone it will not explode,

and will only do so by a detonator. The power of the explosive, which is about

twice that of gunpowder, is not reduced when placed in wet shot-holes. Many
trials have been made with carbonite, and they prove that it is free from flame,

even when exploded in coal-dust, under circumstances where the explosion of

gunpowder and some nitro-compounds resulted in great flame and violent interior

explosion.

Securite is a granulated powder of light yellow colour, with an odour of bitter

almonds, and is the invention of Mr. Schoenewez, a German. It is made out
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of the bye-products of coke-ovens and gas-works, is said to be efficient, and

35 per cent, cheaper than dynamite.
The products of combustion act as diluents of the oxygen in the air, but, it is

stated, are otherwise possessed of no deleterious properties, .so that no discomfort

arises to miners using the explosive.

It is said to be about four times as forcible as’ blasting-powder. In wet holes

it must be used in waterproof cartridges. It is claimed for it that it cannot be
exploded by ordinary concussions or blows, nor by a burning or a glowing body.
It is exploded by detonation. It is said to break down the coal in a similar

manner to ordinary powder, and to destroy all flame and sparks within the range
of the products of its combustion.

Recent reports of scientific men in Germany and France, who were appointed
to examine into the question of explosives, state that these substances fired in a
dangerous mixture of air and fire-damp ignite the mixture only when their tem-
perature of explosion exceeds about 2,200 degrees Centigrade. The temperature
of explosion of ordinary gunpowder is about 2,231° C., of nitro-glycerine about
3,170° C., of dynamite 2,940° C., and of cotton 2,636° C. Therefore it is

possible for all these substances to produce an explosion of fire-damp. But if

other substances can be added to these explosives so as to reduce their tempera-
ture of explosion to 2,000° C., or less, their use will be attended with perfect

safety. Experiments appear to prove that an equal weight of either the carbonate
or the sulphate of soda to dynamite renders the latter incapable of exploding
a fiery atmosphere. Similar results follow from mixing a considerable quantity

of finely powdered coal-dust with the dynamite. By experimenting further it is

probable that suitable substances may be found, which, when added to any com-
pound, will render its use safe.

The use of Lime Cartridges as a substitute for blasting has been tried within

the last few years. The system is patented by Messrs. Sebastian Smith & Moore.
Nearly pure carbonate of lime is used in the preparation of these cartridges.

Being ground to a fine powder, it is by means of a specially arranged hydraulic-

press subjected to a pressure of 40 tons simultaneously at both ends, by which
means its density is nearly doubled. In their preparation a groove is formed on
the side of the cartridges about half-an-inch in diameter. In the shot-hole an iron

tube, half-an-inch in diameter and having a small groove on the upper side and
provided with perforations, is inserted along the whole length of the bore-hole.

This tube is enclosed in a bag of calico, which covers the perforations and one
end, and has a tap fitted on the other. The cartridges are then inserted and
lightly rammed so as to ensure their filling the bore-hole. Tamping is then

used as with gunpowder, and a small force-pump being connected with the tap

at the end of the tube by means of a short flexible pipe, water, equal in bulk to

the quantity of lime used, is forced in. The water is driven to the far end of the

shot-hole through the tube, escaping as it passes along at the groove and through
the perforations and the calico, flowing towards the tamping into the lime, there

saturating the whole of the charge and driving out the air before it. The tap is

then closed, so as to prevent the escape of the steam generated by the action of

the water on the lime, and the flexible pipe removed. The action of the steam
first takes place, cracking the coal away from the roof, and this is followed by
the expansive force of the lime.

In a seam of coal, having a good, smooth parting, this means of bringing down
the coal after it is holed operates fairly well. If the coal be very strong it is not
so successful, neither is it so where the coal is very open or porous, for the steam
escapes through the pores and a great part of the force is thus lost. Probably
for these reasons its use has not become at all general.

1 1C.M.H,
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WEDGES FOR COAL GETTING.

Considerable attention has at different times been directed to mechanical
wedges of various designs for breaking down coal, and thus to a large extent

obviating the necessity for explosives in coal-mines.

There is no doubt that the best form of these mechanical wedges has the
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Burnett’s Patent Roller Mining Wedge.

advantage of an increased percentage of large coal in the output (and therefore

a gain in the average selling price), as the use of the best explosives tends to

shatter the cohesion of the coal.

A great obstacle to their more general use lies in the fact that they are not so

easily handled by the workmen as gunpowder, and the yield of coal from them
per day is less to the collier.

A form of this machine, known as Burnett’s Patent Roller Mining Wedge, is

shown at Figs. 4 15-4 17.

The action of breaking down the coal is by drawing the wedge e between the

rollers f, working against two feathers, g g, which have been previously inserted

in a bore-hole in the coal. The hole is about four inches in diameter. The wedge <?

is a prolongation of the bar h, which terminates in a screw, k, of such a length

as to project a short distance clear of the bore-hole. The rods, l /, form a con-
tinuation of the feathers, g g, to the outside of the bore-hole. The necessary
force to draw the wedge e forwards, is obtained by the backward and forward
movement of a lever in communication with a ratchet-wheel, to which is attached

a nut acting on the screw k, not shown in the drawings.

The wedge requires a bore-hole to be drilled 4^ inches in diameter, for a

depth of 3 feet 6 inches. The wedge-bar, projects 8 inches beyond the full

diameter of the machine, and only a depth of 2 feet 10 inches of coal is forced
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down at one operation. The other 8 inches is utilised when preparing the next
bore-hole. It is very seldom necessary to draw the wedge quite home, and

I
the process should take place slowly and intermittently to give the coal time
to work.

Fig. 418.—Macdermott’s Patent Rock and Coal Perforator.

Hydraulic wedges are used much in the same way as mechanical wedges,
their rending action resulting from the water pressure brought to bear on the

wedge.

ROCK PERFORATORS AND HAND-POWER ROCK DRILLS.

For the most part, drilling the bore-holes for shot-firing or wedging is done by
manual labour at the coal-faces in carrying on mining operations. In some
cases, the operation is more easily performed by means of a coal perforator than
with the usual drill and hammer.
A drawing of Macdermott’s Patent Rock and Coal Perforator is shown at

Fig. 418. It can be worked by one man, and will drill a hole at the top, bottom,
or any intermediate point of the working, and at any required angle. It is very
portable, and easily fixed in its working position. By means of the telescopic

standard it may be fixed in roadways of varying height.

1 1 2
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The standard may be fixed between the floor and the roof, or between any two
bearing surfaces. At the upper extremity of the standard is a claw working on a

rocking joint, the lower end has a nut fixed inside, on which a screw works. The
screw terminates in a point, so that one or two turns of the screw suffice to render

it absolutely fixed and rigid by driving the point into the floor and the claws at the

other end to a solid bearing, whatever may be the inequality of the surface on
which they rest. This constitutes the fixed portion of the implement. The working
portion consists of a metal clip collar, hidden from view in the drawing, which slides

along the whole length of the standard. The collar also revolves around the

standard and can be clamped at any required point. To this is attached by a

very strong conical joint the malleable iron box shown on the drawing, enclosing

the mechanism for giving an automatic feed to the screw. By this means the

screw and its attached tool are adapted to the varying hardness of the material to

be pierced. Through the box the main or driving screw passes and is furnished

at one end with a socket to receive the steel auger for boring the hole and at the

other with a ratchet handle for turning the screw.

After the standard is fixed in position, the sliding collar is unclamped, and
moved up and down to the required position where it is clamped; then, by
making the box revolve on the conical joint the auger is adjusted to the angle

and point required. A backward and forward movement of the ratchet handle

causes the auger to revolve and penetrate the material in contact with it.

Several types of Macdermott’s Perforators are made by Messrs. Glover & Hob-
son, Engineers, Albert Iron Works, St. James’s Road, Old Kent Road, London,
S.E. No. i a being specially adapted for boring holes of great depth, such as

those made in the neighbourhood of old workings, in advance of the face to test

the presence of water. No. 2A is designed to bore holes immediately close to the

roof of the mine, or contiguous to the floor. It is arranged so that a man may
work the handle at the proper height for his arm whilst the machine bores a hole

within one or two inches of the roof or floor.

Messrs. Glover & Hobson thus describe Macdermott’s perforators :

—

“The Patent Rock and, Coal Perforators which M. Macdermott was the first to

introduce belong to the class of machine-tools which have done so much of late

years to increase and cheapen production in every Art and Industry. They per-

form, with great economy of labour, one of the most necessary operations in

Mining. They will drill a hole, whether at the top, bottom, or any intermediate

point of the working, and at any required angle, and are therefore invaluable for

ripping down roof or forcing up floor (whether by powder or wedge), boring in

advance for water, sinking shafts and making plug-holes in same, driving stone

or metal drifts, &c., &c. The uniformity of the hole made by these implements
renders it well adapted for cartridges, and gives the maximum effect of the explo-

sive. No blown-out shots need be apprehended. The saving in the quantity of

powder where these Perforators are used amounts to about 33 per cent. They
are easily carried about, easily adjusted, and easily worked.

“ The Patent Rock and Coal Perforators possess advantages which are peculiar

to themselves. Firstly, the automatic feed by means of which the same machine
can be adapted without alteration to varying hardness of material. Secondly, the

adjustment which enables the drill to be withdrawn instantaneously
,
and without

any danger of clogging in the hole. Further, they will drill in any required

direction equally well
;
the hole made is uniform throughout its length

;
any un-

skilled labourer can use them
;

one man can carry about, fix, remove after

fixing, and work them
;
and last, though not least of their advantages, they will

enable one man to do the work of four—and frequently the work of six—drilling

with jumper or hammer and chisel in the ordinary way.”

Messrs. Legros, Mayne, Leaver & Co., of 60, Queen Victoria Street, London,
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E.C., supply the Patent Ingersoll Hand-power Rock Drill, which is specially de-
signed to be worked by hand in places where steam or compressed air is not

I

available, and shown at Fig. 419. It is simple in construction and as nearly as
possible resembles the Ingersoll machine-power drill, having a cylinder in which
is placed a volute spring (as used for railway buffers) of 200 lbs. power

;
this is

compressed by a bar which is lifted by cams on the crank-wheel shaft, and its

release gives the blow
; rotation and automatic feed being at the same time pro-

vided for. The 200-lb. spring, weight of drill rod, and the momentum produce
a very efficient blow, while the form of

the spring and other parts render re-

newals rarely necessary. All working
parts are made of steel and the wear-
ing parts hardened. Three sizes of

drill are made, one being for a single

man-power, another being a 2 man-
power and a third suitable for working
with 4 men. With a 2-man power
machine about 250 blows per minute
may be struck, drilling in granite from
i| to 2 inches per minute.

The subjoined directions are given
for the use of the drill :

—

“
First fix the drill on the tripod (or

column) by the centre-bolt on the

frame of drill, then set the legs of the

tripod with the drill vertical or angled,

as may be required. Insert a short drill-

bit into the end of working rod, and
secure it by tightening the screw of the

clip. Loosen the nut on the top of

feed-screw, and wind the drill down
until the drill bit presses on the stone,

then tighten the nut on top of feed-

screw and commence working, going
on until the bit is deep enough, or as

far down as possible, then loosen the FiS- 419-—Ingersoll Hand-power Rock Drill.

nut on top of feed-screw and wind back
the drill to the highest point, when the drill bit can be taken out of its socket and
a longer one inserted for drilling deeper holes, this being repeated until the

necessary depth is bored.
“ The automatic-feed is worked by the conical part on top of the working rod,

and this cone should be under the top edge of cylinder cover when the drill is

down on the rock. Note.—The nut on the top of the feed-screw must be screwed

down tight before the drill will feed automatically.
“ The shaft and cams may be removed by taking the four screws out of the cap

in front of shaft.

“ The working rod and actuating spring may be removed by taking the nuts off

the bottom cover of cylinder.
“ The wearing parts of crossbar maybe renewed by turning the crossbar round

back to front, and again by turning crossbar upside down (to do this take off the

spring and unscrew collar nut, turning crossbar top to bottom to replace), and
again by turning crossbar back to front, thus utilising four different wearing
surfaces.

“ The working rod and the cams should be kept well lubricated.
,,
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MACHINE ROCK DRILLS.

The necessity for driving headings, or for sinking shafts rapidly, calls into re-

quisition machine rock drills as a substitute for hand labour in boring holes for

shot-firing. In various forms these operate on the rock with a percussive action,

as in the ordinary hand drill.

One of the best is the Ingersoll Machine-power Rock Drill, shown in the draw-
ings, Figs. 420-422. It consists of a cylinder B, in which works the piston E, H
being the piston rod. The valve-gear is actuated by the piston through the medium
of tappets. It consists of a slide valve E', two valve spindles F, F, and the two
tappet levers C, C.

The piston, as it moves backwards and forwards, alternately encounters and
depresses the limbs of the tappets which project into the cylinder, as shown on the

drawings
;
and as these limbs move simultaneously, the motion thus communicated

is transmitted by the valve spindles to the slide valve. The tappets are so adjusted
relatively to the stroke of the piston as to admit of a cushion (of steam or air) being
formed at either end of the cylinder; this cushion prevents injury to the cylinder
covers and preserves the drill from excessive vibration.

A spirally grooved bar D, recessed into the back end of the piston, gives a rotary

motion to the drill. The piston has a cap screwed into it fitted with studs to run
in the grooves of the bar.

A ratchet-wheel is fixed to the end of the bar, and into its teeth a pawl is held
by a spring. By means of the pawl, the piston is compelled to turn during the

back stroke, whilst allowing the spiral bar to rotate during the forward stroke.

Besides the automatic rotary motion of the drill now described the feed motion in

the Ingersoll rock drill is produced automatically, so that as the borehole advances
the cylinder equally moves forward and there is no diminution in the force with

which the drill strikes the rock. As the drill penetrates the rock, the piston

approaches the forward end of the cylinder, and strikes against a tappet lever C'

which partly rotates the rod on which it is carried. By means of pawls and
ratchet teeth, this rod turns a nut upon the back end of the cylinder. The feed

screw A passes through this nut, which in the act of rotating upon the fixed feed

screw causes the cylinder to advance.
The drills used are of different sizes, according to the work to be done. A

2|-inch cylinder drill is capable of boring a hole from 1 inch to if inches in

diameter 8 feet deep. The motive power may be either steam or compressed air,

the usual working pressure being 45 lbs. per square inch.

For shaft-sinking the drill may be carried on a tripod, or on a special shaft-

sinking frame. For driving headings it may be supported on a stretcher-bar.

This is a wrought-iron hollow tube, provided at one end with a claw, and at the

other a strong adjusting screw lock and nut for fixing it in position. For more
important tunnel work the apparatus is mounted on a tunnel-car, specially designed

for the purpose. This carries four drills.

The rate of progress by rock-boring machinery is from 3 to 1 2 times greater

than by hand-labour, according to the hardness of the rock.

The only objection we have heard against the above described form of the

Ingersoll rock drill is that when heavily driven, the tappets are apt to break,

followed almost certainly by injury to the cylinder through the broken pieces

jambing the piston against the walls of the cylinder.

Since the foregoing description and remarks were written, a new type of Ingersoll

machine power drill has been devised. In it the use of tappets is dispensed with

and also the stems which acted in conjunction with them to move the valve across

its face. The valve is now formed by a segment of a circle, and is brought in

direct contact with the piston, where it acts in the place of a pair of tappets by



488 SUNDRY AND INCIDENTAL OPERATIONS AND APPLIANCES.

receiving a gentle push from the inclines on the piston, instead of the blow
formerly given by the piston to the tappets, aiid thus admits the motive-fluid fore

and aft alternately into the cylinder, while at the same time the fluid keeps it

firmly up against the face.

The following particulars are supplied by Messrs. Legros,Mayne, Leaver & Co.:

—

“ Fig. 423 shows a section, and Fig. 424 a plan of this new patent drill, which

has been designed specially with a view to reduction of cost, and simplicity,
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durability, and economy in working, combined with increased efficiency in

operation.

“This new patent is of the direct-acting percussion class of drill, and has the

following distinguishing features and advantages :

—

“ 1. Its Valve Motion.—This is entirely unique, and while retaining a positive

motion of the valve (a most important feature), all moving parts between the piston

and the valve, such as tappets, valve-stems, levers, &c., are entirely done away
with, the valve itself being the only moving part remaining, as will be understood

from the illustration and the following description.
“ The piston has two fitting portions, divided by a recessed, or smaller portion,

having gentle inclined planes at either end ;
this space round the centre portion

of the piston forms the chamber into which the steam or air is first admitted. The
valve is over this central portion, and is in form a segment of a circle, about (in

the 3-inch drill) 4 inches long and 2 inches wide, fitting accurately against a

curved face in the valve-chest. The upper side of the valve is provided with

recesses properly proportioned, to admit the motive power past the valve to the

ends of the piston.

“ The steam or air being admitted into the central portion of the cylinder presses

the valve closely to its curved face, and the piston being at one end of the stroke

as shown, one end of the valve has been raised by the inclined plane, and moved
around a portion of the curved face, sufficient to open the passages for the admis-

sion of the motive-fluid to the other end of the piston, forcing it along the cylinder,

when, as it arrives at the proper position, the valve is again moved round its curve

by the other inclined plane, and the steam (or air) admitted to the other end,

reversing the motion of the piston and completing the stroke. By this it will be
seen that the only moving pieces are the piston and the valve, and the actual

results of this simple arrangement are less wear, less liability to derangement
,
and

the striking of a harder blow with less consumption of motive-power
,
the valve

being kept firmly up to its seat at any angle or at any speed.
“2. Its Rotation.—The rotation is effected, as in the original Ingersoll, by

means of a rifled bar, and ratchet wheel having double pawls, this being the most
reliable and positive motion obtainable

;
but in the new patent drill, the

mechanism, instead of being exposed, is entirely enclosed, thus avoiding all

chance of damage through dirt, grit, or rough usage.

“3. The New Patent Drill, like the original Ingersoll, can be used, and is

equally efficient, in any position, either vertically for drilling upwards or down-
wards, horizontally, or at any angle, this peculiar arrangement and form of valve

keeping in its place, and working well under any conditions.

“ 4. Provision is specially made in all sizes for taking up the wear in the saddle

or slide.

“ 5. Durability.—In the construction of this drill none but the very best

materials are used, and the workmanship is of the highest class, thus insuring the

maximum of durability in a machine subjected to the hard work and rough usage
of a rock drill.

“ The improved drill, as shown at Figs. 423 and 4 2 4, is adapted for hand-feeding,

and is suitable for an operator who, if not attending to the feed, would have nothing

to do but look on. The same machines, however, are supplied with the auto-

matic feed in an improved form, especially where the drills are used in groups,

the number of operators being thereby decreased. The present arrangement for

obtaining the automatic-feed is simpler and more efficient than the old one. In

it the spindle is still retained, having a tappet keyed to the bottom with a sloping

side, which projects into the cylinder in such a way that when the piston slides

past it a turn is given to the spindle, which thus disengages a pawl at its top-end
from the feed ratchet, and a coiled spring in a box then acts on the pawl, and
pushes it into the ratchet again, sending it down the feed-screw. The action is
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the reverse of the old style, in which the tappet causes the pawl to be thrust

sharply into the ratchet, and the spring disengages it, whereas, in the present
form, the effect is ensured by a more gentle motion, and with fewer parts, the
knuckle-joints, separate tappet, and feed-regulator being dispensed with. It is

now intended to extend the side bolts so as to take the back as well as the front

cylinder-cover, and in the automatic-feed drills these have to be set slightly on
one to allow the spindle to occupy its proper position.

“ In the hand-drill shown in Fig. 419 the automatic-feed is obtained by the cone
at top of the working rod acting on the feed ratchet by means of a lever, spring,

and pawl, the cone in effect taking the place of the tappet in the power-drill/'

COAL-CUTTING MACHINERY.

The labour of coal-getting is arduous even under the most favourable circum-
stances, and in thin seams it is especially severe and trying, owing to the con-
strained and unnatural attitude of the collier during the time he is at work, and 1

more particularly at the work of “ holing.”

It is considered allowable, with good and skilful hewing, to take a height not

exceeding 9 inches for the holing when carried to a depth of 3 feet.

Where the holing is altogether in the coal, and the seam thin and hard, hand-
hewing is placed at a great disadvantage, because the coal obtained as a result of

the holing is much less than that obtained from the same depth of holing on thick

seams, the labour of holing in which is much less. Coal-cutting machines have
been designed, and are in use to some extent, for undercutting the coal. Where
circumstances admit of their use they save the collier the heaviest part of his

toil. There is, however, great difficulty in the general adoption of coal-cutting

machinery, on account of the undulating character of the seams, and the result-

ing irregularities of roof and thill over very limited areas. These irregularities

form great obstacles to the smooth working of coal-cutting machinery, besides

which, some districts are so much intersected by faults breaking the continuity

of the coal-seams that machinery for getting the coal is quite out of the question.

Other coalfields are more favourably situated, and on economical grounds it may
be judicious to adopt coal-cutting machines.
The following description of the Gillott & Copley Rotary Coal-Cutting Machine

is furnished by Messrs. John Gillott & Son, of Barnsley:

—

“ The machine described below has now been over 13 years in practical opera-

tion, under a variety of circumstances. It is designed for holing or undercutting,

and is more especially adapted for collieries worked on the “ Longwall,” or some
similar system, where a considerable length of face can be operated upon.

“It is driven by compressed air, and works at the low pressure of from 20 to

30 lbs. per square inch. This is of great importance, as when this pressure is

exceeded it is attended with considerable difficulty, and a largely increased cost.

“ It can be made to cut level with the floor, in a parting between two coals three

feet or more above the trams, or at any other height
;
and is applicable for any

seam of coal where a height of not less than 20 inches can be afforded for it to

travel along the coal face.

“ It will cut in fire clay seating, hard or soft coal
,
or take out a pricking between

two coals.
“

It is self-propelling, is made to suit the gauge of any colliery tramway, and

travels on the rails as ordinarily laid by the colliers. No fixing is required to keep

the machine up to its work.
“ The machine is made principally of steel, thus combining the greatest strength

with the least weight in the smallest space. It is made in three sizes
;

in the

largest machines the frame, which is of crucible steel, is about 5 feet 6 inches

long by 2 feet 4 inches wide, and on this are fixed two cylinders 9 inches in diameter,
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1

with a 9-inch stroke, working on to a forged steel
cutter wfi

Fig. 425-

Fig. 426 .

The Gillott and Copley Rotary Coal-cutting Machine.

minute and on its outer edge or periphery are fixed from twenty to thirty steel

cutters’ thus giving from 120 to 180 strokes per minute
;

it is 4 feet
J

inch in

Sr; and
g
makes a clean cut of 3 feet 6 inches deep by 3 inches ^de from

which it effectually sweeps out the whole of the cuttings as it revolves. The cutte

wheel seasUy removed^ by slackening four bolts, and then the machine can be

run to 'any part of the workings where it may be required. The cutters, which
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are made of the best tool steel, require less keeping in repair than the ordinary
picks, and are about 4 inches long. In the smaller machines the cylinders are

*j\ inches in diameter, with a 9-inch stroke, and cutter wheel 3 feet 10 inches
in diameter, cutting 3 feet 4 inches deep.

“ The machine is propelled by a small wire rope fixed to a bridle, passing round
a snatch-block at the far end of the 4 face/ and on to a drum at the front end of

the machine, which is actuated by a ratchet wheel and lever worked by an adjust-

able crank, so that the feed or pace of the machine can be regulated according to

the nature of the material it has to cut. The whole is covered with a moveable
sheet iron casing to protect it from anything falling from the roof. One man
only is required to be in attendance on the machine, and another should follow

to sprag the coal as it is cut.

“ Working power .—With a pressure of 27 lbs. per square inch of compressed air,

the machine has holed in a hard tough fire clay seating 25 J yards in 40 minutes,

and 24 yards 1 foot of strong solid coal in 55 minutes with only 20 lbs. pressure.

A fair average rate of work with 27 lbs. pressure may be stated at 20 yards per

hour, 3 feet 4 inches under and 3 inches thick, either in a seating or moderately
hard coal. The rate of holing by manual labour in the fireclay seating above
named is about 7 yards for a day’s work—this gives about nine men working a

whole day to do what the machine does better in two hours. The men have only

to wedge or shoot the coal down and clear it away while the machine is taken to

another bank to do its work there.
“ Several important improvements have recently been made which enable the

machine when used to cut in either direction, and thus work backwards and
forwards across the face, obviating the necessity of removing from one end to

the other.

“ Compressed Air is now often used for underground hauling and pumping, and
when this is the case, the coal cutter may be applied at a trifling cost. In other

cases estimates may be obtained for the complete air-compressing plant.”

Messrs. Bower, Blackburn and Mori have patented an Electrical Coal-Cutting

Machine. It consists of a frame travelling on wheels carrying the electric motor,

driving a shaft which carries the cutter attached by bolts to a coupling. The
motor and the shaft carrying the cutter-bar, can together be rotated in a hori-

zontal plane, so as to bring the cutter in and out of the coal. The motor drives

the cutter about 600 revolutions per minute, and develops from 6 to 9 actual

horse-power according to the difficulty of cutting the seam.
The machine makes a cutting 3 feet 6 inches deep in the coal, only removing 4

inches in the operation.

A winch is used for drawing the machine along the face, and the under or

over cutting is thus carried along the face of the uniform depth stated.

The electric current is produced by a dynamo placed on the surface, and trans-

mitted to the motor in the workings by means of two small cables. Lead-sheathed

cables are used in passing through wet places or those subject to foul air. They
may be carried on insulators along the roadway or fixed on a wood casing to the

roof or floor. At the face it is more convenient to use a double insulated cable,

both wires being in one covering. By means of screw connectors this can be

attached at any point to the main cable. The position of the main cable can be

readily altered.

Including all stoppages, to put up props, &c., 45 yards per hour have been cut

with the machine, and in actual cutting time 30 yards have been holed in

36 minutes in hard dirt with pyrites and ironstone lumps. It is claimed for this

machine that the form of cutter (which is of special construction) obviates

difficulties met with in some other machines, viz., the jambing of the cutter by the

falling coal and consequent stoppage.
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In a fiery mine the emission of sparks at the electric-motor or elsewhere may
be a fatal objection to its use there, unless an efficient covering or protection be

devised.

STANLEY’S COAL-HEADING MACHINE.

In carrying on the many operations incidental to coal-mining, circumstances

may arise which necessitate long headings or narrow places in the coal being

rapidly driven. The use of a machine, such as that designed by Messrs. Stanley

Brothers, enables a much greater rate of progress to be attained than is possible

by hand-labour. The machine runs on wheels in the heading. Attached to

the inner end of a central shaft are a radial and two horizontal arms. Cutters

are fixed on the horizontal arms, which, as the central shaft is rotated, cut an
annular groove in the coal and form a core within it, which is removed from
time to time as the work proceeds. There are two sets of gearing for working
the machine. That in front causes the shaft and arms to revolve. This is

effected by admitting compressed air to the two cylinders carried on the frame-

work which give motion to a shaft connected with the central shaft by means of

cog-wheels, through which the motion is transmitted. The back set of gearing

provides for the forward motion of the cutters in operation. The central shaft is

threaded so that the back gearing, which consists of a cog-wheel with threaded

gun-metal bush fitted into its boss, works on it. The back cog-wheel is secured

to the frame, and may be driven by a sliding cog-wheel working on the crank-

shaft. On setting the back gear into motion, the frame advances on the central

shaft
;
when the machine has been moved forward, the back gearing is thrown

out, the front gearing thrown in, and the central shaft and arms advance in the

frame, at the same time that they are revolving. The machine is provided with

two telescopic screw-pins by means of which the frame is held securely in

position while the cutters are at work. The usual size of machine weighs two

tons, and the cutters form a heading five feet in diameter, at the rate of about

three feet in an hour. The arms can only advance between three and four feet;

and when out their full length the engines are stopped
;
the back gear thrown in,

and the frame advanced and secured in position again for a further cutting.

Different types of the machine are made to suit the varying qualities and classes

of coal seams and their thickness.

CAGING APPLIANCES AND DROP STAPLES.

A serious loss of time occurs at collieries in changing tubs where the shafts

are deep, if cages having two or more decks are used, and the ropes are lapped

on drums in the ordinary way, unless some caging appliance be used. The
inconvenience and loss are enhanced if there are intermediate loading stages in

the shaft between the surface and the bottom.

In order to avoid having more than one loading stage in the shaft, drop staples

are often used for lowering the coal from an upper to a lower seam, or the same
object is attained by means of a self-acting inclined-plane driven across the

measures between seams of coal.

Drop staples are fitted with guides or conductors precisely the same as the

winding shaft. Two single-decked cages are used in the staple by means of

which the full tubs are lowered, while the empty tubs are raised. The weight of

the full tub or tubs is sufficient to effect the change. A single rope is generally

used, which is attached to the upper cage in the usual way, passed over a clip-

pulley, and the lower end attached to the cage at the bottom. The clip-pulley

is held securely in its place by framework a few feet above the seam. Rails or

flat-sheets are laid at the loading and unloading stages to facilitate the entry or
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discharge of tubs at the cages. The clip-pulley is provided with a brake-ring, by
means of a brake acting on which, through levers, the velocity of the cages is

controlled and regulated by the upper-stage attendant, and an up and down
signal are provided. Both at top and bottom shaft gates are placed for the pro-

tection of workmen and others moving about, those at bottom usually being
hinged, while those above are lifted by the ascending cage and dropped into

place again, when it is lowered in the same way as shaft gates. Where the

distance between any loading stage and the bottom of the shaft is great, the

expense and loss of power involved will be too great to allow of the expedient of

a drop staple, and it is necessary to use the shaft loading stage. In such a case,

if the quantity of coal coming from the workings to the shaft bottom is about
equal to the quantity coming from the loading stage above, and is likely to

remain so, it is usual to make the drums of the winding engine of unequal
diameters, so that one cage is raised and lowered on one side of the shaft while

the other is lowered and raised on the other side. Thus, one cage is used to

raise the coal from the loading stage in the shaft and the other from the bottom.

Where the quantity of coal reaching the shaft at one stage is greater than at the

other, and in all cases where there are two or more intermediate loading stages

in the shaft, great inconvenience in the caging must follow. Loading stages in

the shafts, therefore, should be avoided as far as possible.

In the case of a shaft in which coals are only wound from the bottom in a

single-decked cage with one or more tubs in it, no inconvenience arises in the

change of tubs, which takes place in the most expeditious manner possible, being
effected at the top and bottom simultaneously without moving the engine.

With a double-decked cage the tubs in the decks cannot be changed at the

same moment in the ordinary arrangement. If the ropes are arranged so that

the top deck of the cage at the bottom is exactly level with the flat-sheets or rails

there when the bottom deck of the other cage is on a level with the rails at bank,

after the change is effected in those decks, on moving the winding engine there

will be an unequal travel of the cages owing to the greater length of rope un-

wound for the surface cage compared with what is wound on to the drum of the

other cage. This inequality will be greater or less in accordance with the depth

of the shaft, the thickness of rope used, and the kind of drum. When the top

deck is lowered into position for changing at the surface the lower deck of the

other cage is not raised sufficiently to allow of the change taking place at the pit

bottom, and consequently it has to remain stationary, in a position out of the

onsetter’s reach, while the surface change takes place, after the completion of

which it is raised and another stoppage occurs at the engine in order to change

the lower deck of the cage at the bottom.

With a treble-decked cage the inconvenience in the change of tubs is increased,

as all decks except one must be changed on the surface and underground at

different times. Each stoppage of the engine means an additional shock to the

ropes, which are thus subjected to greater strains, and so wear out quicker.

Fowler’s patent apparatus for loading and unloading pit cages has been designed

to overcome these difficulties. In it with a three-decked cage, the lowest tier rests on

a level with the bank rails, and two three-decked platforms, one on either side of

the cages, are arranged so that the change of the three tubs or rows of tubs takes

place at the same time. One of the platforms contains three rows of empty tubs,

which are on a level with the decks of the cage when the change takes place.

If a single tub is placed in each deck the lowest tub is changed by hand in the

usual manner. At the same moment, however, two hydraulic rams push the two

upper empty tubs against the full ones in the cage, which are displaced and give

way to the empties. The full ones pass into the platform provided for them.

The empty tubs are kept in position in the cage by means of catches operated by

a single rod.
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After the cage has left the surface, the two platforms are lowered by means of

hoists, deck by deck in succession, on to the bank level of rails
;
the full tubs are

taken to the screens, and empties placed in the platform arranged for them.

Counterbalance-weights raise the full platform after it has been relieved of the

full tubs, and the other is also raised with the empties in it ready for the next

change.

A similar arrangement is placed at the shaft bottom by which the tubs there

are changed at the same time as those at the surface, so that the cages make
trips in the shaft as expeditiously as single-decked cages.

Where there are only two decks to the cage, a much simpler appliance is

frequently used to facilitate the change of tubs. It consists in placing a platform

on the surface above the bank level which receives the full tub or tubs from the

upper deck of the cage. After the descent of the cage, the platform is lowered
to bank level by a counter-balanced cage which lifts the empty tub or tubs into

position.

At the pit bottom the change is effected by means of a balanced platform. It

is made large enough for both cages, and is suspended in the sump by means of

two ropes, each of which is attached to a drum provided with counterbalance-

weights and a brake. After the lower deck has been changed, the onsetter

lowers the cage (there being sufficient slack rope for the purpose) till another

deck is level with the pit bottom rails, using the brake to do so. After the

ascent of the cage the counterbalance-weights raise the platform to the landing,

and so places it in position for the next cage. Two or three decked cages may
be unloaded and re-charged in this way very advantageously.

PIT HORSES, THEIR FOOD AND WORK.

Questions relating to the care of pit horses, although not directly engineering

matters, are yet of great importance to the manager in the economical working of

a colliery. Even with an efficient system of mechanical haulage, horses are still

required in the remote workings. The aim should be to reduce their number as

far as possible and to take the utmost care of those which are necessary. In

South Wales, even where all the haulage on main roads is done by mechanical
means, there are as many as ioo horses employed at a single colliery.

Horses are usually sent into the pit when four years old
;
ponies when three

;

their length of service there depends upon a variety of things, but the average

may be taken at about eight years. If heavily worked and badly treated they

may not last as many months.

It is hardly necessary to say that much judgment and knowledge are requisite

in purchasing horses. The shape and appearance of a horse at rest and in

motion afford some indication of his character, to those trained in the study

;

while the incisor teeth bear marks by means of which the age is ascertained, but

unless a manager is versed in the anatomy and the important points of a horse,

he had better not trust to his own judgment, but be guided by a qualified

veterinary surgeon. In any case, it will be wise for him to buy from a trustworthy

dealer, who regularly supplies the district, and will guarantee age, health,

soundness of wind and limb, and freedom from vice.

The water given to the horse should be soft and pure, and of moderate tem-
perature, and care must be exercised in timing the supply. When in a heated

condition, the horse should not be allowed to drink too freely, nor should he
remain too long without water. The diet must be regulated to suit the labour

and the conditions under which it is performed. A high temperature, such as

that often existing in underground roadways, tends to maintain the heat of its

body, and a horse working therein will not require so much nourishment as when
doing the same amount of work in a lower temperature. The stomach of the
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horse is smaller in proportion to its body than that of any other herbivorous
animal, and it therefore requires a little food frequently rather than a larger

supply at longer intervals. Where at all heavily worked it should be well fed.

The food consists of grain and hay, the daily allowance varying with the work
done. As an average it may be taken at about 16 lbs. of grain and io lbs. of

hay per horse. The grain is for the most part Indian corn, but beans, oats, and
peas are given in smaller proportions. The oats should be sound, sweet, a year
old, and their natural weight not less than 40 lbs. per bushel. Musty or kiln-

dried oats are injurious to horses, and cause colic amongst them, the chief

symptoms of which are a tight, dry skin, loss of appetite and debility. The husk
of the grain is nearly indigestible, and there is a greater per centage of husk in

oats than in the other grain given to horses. The beans and peas should be
sound and sweet

;
they have a heating and binding effect upon the system, and

are therefore used in small quantities, or combined with some other article of

food which has a counteracting effect, such as bran and maize. Colic in horses

is caused by constipation or is accompanied by it
;
maize has a slightly laxative

action on the bowels, and its use reduces the risk of colic to a minimum.
Hay varies in value according to the grasses it contains. If stacked wet or too

green, it will ferment. Horses prefer the best seed hay to the best old land hay,

and eat more of it, but the latter is more nutritious, and the smaller quantity

eaten keeps them in good condition. They do not thrive so well on foreign as

on English seed hay, as the seeds are usually thrashed out of the former.

At some collieries it is usual to give green food to the horses for a few weeks
in the summer, and it is found to be very beneficial as an alterative and pre-

server of health. It must be given cautiously, especially for the first time in the

season, and should not be allowed at all on the horse-roads or pass-byes. It

consists of clover, seeds, and green tares well podded, sent into the pit only on
dry days. It is more economical than dry food.

Of late years it has become the practice to use “ ensilage,” which is fodder

stored in a green state. After being cut in the field in the usual way, instead of

being dried it is chopped up small and put into pits or “ silos,” which are bricked

and lined with cement. The green food placed in the pit is pressed down by
stone flags on the top so as to exclude the air and consequently prevent fermenta-

tion. The upper layers are depreciated, but those below remain much the same as

when cut.

Experiments show that dry food is more economical besides being more
convenient to handle than ensilage.

As horses age, their grinder-teeth become worn, so that they are unable to

properly crush such substances as Indian corn and beans
;
the grain therefore is

partly crushed or bruised, the hay chaffed, and the whole of the ingredients

thoroughly well mixed together before the horse is fed with them. The object of

chaffing the hay is to prevent waste. When sent down the pit in bundles, a

certain amount is damaged or lost in transit, and some is pulled from the racks

and trampled under foot. When chaffed it is mixed with the other ingredients

forming the provender, placed in bags and sent into the pit, where it is used with-

out waste. Occasionally bran forms a part of the horse-food, and as it acts as a

laxative may be most beneficially given at times. In food consumption three

14-hand ponies are usually considered equal to two horses, and one horse costs

about ten shillings a week to keep, more or less according to the price of hay, &c.

Some disadvantages of underground horse labour may be mentioned. The
number of working days at a colliery seldom exceeds 300 per annum, and is

usually rather less. The cost of horses for food and attendance on idle days, such

as Sundays, holidays, and those resulting from depression in trade, strikes, acci-

dents, and diseases, adds materially to the cost of production. Horses are subject

to epidemics, and it may happen that in times of the greatest prosperity some or
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all of the horses may be unable to leave the stables. Delays are occasioned by full

tubs leaving the rails, when the drivers have to traverse long distances for assistance

in order to lift them on again. Other delays arise from horses dropping shoes

while at work, when the shoeing-smith must be sent for
;

if the workings are far

from the shaft, a considerable time is taken up before the shoer reaches the horse,

during which, and also while the operation of shoeing proceeds, both horse and
driver are standing idle. Horses receive injury from falling in the workings,

or running away and wedging themselves into roads too low for them, and many
are injured or killed by falls of roof, run-away trams, explosions, &c. Besides

which there are the injuries inflicted by thoughtless, stupid, or brutal drivers—boys

or men.
As to the work performed by horses, much depends upon circumstances. On

a favourable road having a slight descent for the full tubs a 14-hand pony may be
able to draw 10 tons at a time. But if the inclination is very favourable to the

out-going trains, it must necessarily be unfavourable to the in-going. The best

result is obtained from horse-labour when the resistance to the trains is equal

both ways. If the road is muddy, or the tubs inefficiently greased, or the rails

badly laid or worn, a large portion of the energy exerted by a horse is lost in over-

coming extra friction, so caused. Again, where a horse works up a steep road,

a considerable jerk and strain are necessary to start the load, especially if the

back wheels near the face are beyond the rails and rest on a miry or uneven

floor. Such strains are very injurious to the animals. Other things diminish the

value of a horse’s energy, such as a roadway with loose metal, or irregular floor,

or one insufficiently ventilated.

The tractive force of a horse working on the surface is usually taken at 125 lbs.

when moving at the rate of three miles an hour. If the force exerted by a horse

is taken at 33,000 lbs. raised one foot high per minute, maintained throughout a

day of eight hours, it amounts to 150 lbs. conveyed a distance of twenty miles, at

a speed of two-and-a-half miles an hour. Mr. Nicholas Wood calculated the

tractive force of a horse at 120 lbs. when travelling at the rate of from two to

three miles an hour, and estimated that it could continue this for ten hours.

Allowing for stoppages a speed of from two to three miles an hour = 200 ft. per

minute. 120 x 200 = 2 4,000 foot-lbs., or say ten tons as the work per minute.

Ten tons for twenty miles = 200 tons one mile per day. Mr. Wood takes two-

thirds of this as the useful performance, thus 200 xf =133 tons conveyed 1 mile

a day. This is taken as the maximum effect that a horse can produce, when
working on the surface. From experiments made at different collieries it appears

that only about one-fourth of this useful effect is obtained from horses working

underground. These may be taken to exert a tractive force of about 40 lbs. when
moving at the rate of three miles an hour, which may be continued over a period

of ten hours inclusive of all stoppages, say twenty miles a day, when the resist-

ance is equal in both directions. If it is necessary to exert a greater force than

40 lbs., the distance travelled must be correspondingly less. If the force be

100 lbs., then
I0— =2-i times increase: therefore the distance travelled will be
40

_3-= 1-2 mile an hour. Or we may say the useful performance of a horse under-
2 2

ground is to convey about 45 tons one mile per day. Some horses travel from
twenty to twenty-five miles in a shift underground, others do not exceed six.

The heavier the gradient and the more irregular the roadway, the less will be the

distance travelled.

No rules or calculations of this sort can apply generally; they must betaken as

mere approximations, for the results obtained will vary in different collieries and
districts. It may be useful to compare the actual performances of horses from

C.m.h. K K
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time to time, and to keep a record for future guidance. Suppose a horse works
in a road leading from a shaft the rise of which is i in 130. The empty tubs

weigh 5 cwt. each and would hold 15 cwt. of coal
;
the train consists of four tubs,

and the friction is —th. The total weight of the full train is four tons. The
70

a ^ ^ 2 4.0
assistance obtained from the outward fall is l_±_= say 69 lbs. The resist-

130

ance due to friction is
4 x 2

>
2 4°

I 2 81bs., so that 128—69= 59 lbs. as the
70

effective resistance to be overcome in moving the full train. The total weight

of the empty train is one ton. The resistance resulting from the inclination

is = say 17 lbs.; that from friction
1 X 2

’
2-— = 32 lbs. and the total,

130 ^ 70

therefore, is 32 + 17 = 49 lbs. The mean resistance of the two trains is $9
2

= 54 lbs. If the length of the horse-road is say 400 yards, and thirty-three jour-

neys are made by the horse in a ten-hour day, then the inward and outward

journey will be 800 yards, and = T ^ miles a day travelled
;

this gives an

average speed for the horse of ^ = 1*5 mile an hour inclusive of stoppages.

1 ^ x l^° X
3 = 132 feet per minute, and 54 x 132 = 7,128 foot-lbs., or 3*182

tons for fifteen miles = 3*182 x 15, or 47*73 tons conveyed one mile a day.

The kind and the size of horse purchased for colliery working will of course

depend upon the specific work for which it is required, the nature of the roadways,

size of tubs, &c., &c., and in order to prevent the risk of importing infectious

diseases into the underground stud, and to ensure new horses being well up to

their work, they should be employed on the surface for three or four weeks before

being sent into the pit.

Horses are lowered down the shaft by the cages if these are large enough
;
but

if not the animals are securely fastened by a net and suspended below the cage.

At some collieries in South Wales no horses are stabled underground. Where
the number employed in a colliery is small, and the cages large, it is found advan-

tageous to lower and raise the pit horses daily, the time occupied in so doing

being but trifling. After the day’s work is finished each haulier takes his horse

up the shaft and away to the stables on the surface. Before commencing work
each haulier takes his horse to the pit and down the shaft again.

Generally, however, horses are stabled underground, and many that are taken

down never see the daylight again. Usually, the most advantageous place for the

stables is near the upcast shaft, and they may be made all together or in a series,

according to the number of horses and the state of the strata. The proper venti-

lation of the stalls is of great importance, the current of foul air passing direct to

the upcast. Where the workings are at a considerable distance from the shaft,

stables are often made in the interior of the mine so as to avoid unnecessary
travelling. An objection to this arrangement, however, is that splits of fresh air

must be taken off the main current for their ventilation, thus reducing the quan-
tity for the workings generally. The floors of the stables should be laid with

blocks or planks of wood
;
a branch channel formed in each stall

;
the floor sloped

slightly towards the channel from each side, and the main and branch channels

given a definite inclination, so that all liquids will run to a given point. Sawdust is

often spread over the floor for the horses to lie on, straw being an expensive litter.

In South Wales ferns grow in abundance on the hills close to the collieries; these
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are cut and when dried make a very good litter much used in the district. It is

well by such means to encourage horses to lie down, for it has been ascertained

that on brick floors only io per cent, of the horses lie on them, 20 per cent, on
cemented floors, while the proportion rises to 70 per cent, on cemented floors if

thickly covered with sawdust, and 70 per cent, on a wooden floor. Horses which
never lie down are, in a few years, seized with numbness of the limbs, and conse-
quently fall down when at their work.

Mangers should be not less than 2 feet by i| feet, and 15 inches deep. A strip

of wood two or three inches wide may be placed at the top projecting inwards so

as to prevent the fodder from being thrown out. A strip of hoop-iron may be
fixed to the top of the manger so as to prevent injury from the horses’ teeth. Iron

mangers are sometimes adopted, and iron props for the roof and for stall divisions

;

and occasionally brick mangers resting on stone bases 18 inches high and lined

inside with cement. These are more generally built in stables near the shaft,

while the iron ones are more applicable to those in-bye.

In the matter of cost, while avoiding extravagance on the one hand and mea-
greness or faulty design on the other, comfortable stables may be made at about

£2 per stall. The site selected should have a good fall for drainage and have an
opening not less than 1 7 feet wide. This will allow for a 6-foot roadway in which to

lay a tramway along the whole length of the stables, leaving 1 1 feet from the gates

to the head of the stalls. Stalls should be 6 feet wide, separated by props which
secure the roof and form a sufficient partition without being boarded up.

Great attention must be paid to the shoeing of horses, the shoe being shaped to

fit the horse’s foot, and not vice versa. Improperly shod horses worked on hard
ground soon suffer from bad feet. The harness must fit easily and comfortably
on the horse or he will receive injury from its chafing. Tight or rough collars

rub the skin till a wound is formed. By the Mines Act, 1887, every travelling

road on which a horse is used shall be of sufficient dimensions for the animal to

pass without rubbing against the roof or timbering. All projecting stones and
angular corners must be removed from the sides, so as to prevent injury to the

animals.

The number of horses under one ostler or keeper should not exceed ten, and
of ponies fifteen. Each keeper grooms and feeds his horses, and cleans out the

stables. Besides receiving the attention of keepers, a pit’s horses are generally

under the periodical supervision of a farrier. There should be sufficient horses at

a colliery to supply the daily requirements without having to work them double
shifts, for systematic overworking is not only inhuman but also (happily) very

costly.

In some districts it is customary to work the horses in traces : in others limbers

are used, which give considerable holding-back power not to be had from traces.

There can be no objection to traces on a level or nearly level roadway, and the

harness is of course lighter without limbers. Where trace-horses take full tubs

down hill, sprags are often placed in the wheels so as to act as a drag. Over very

steep portions of roadway a sprag in each wheel may not be sufficient to prevent

a speed which would be dangerous to the horse in front, and where this is so,

besides the sprags, additional means are used so as to reduce the speed. In

Somersetshire, e.g ., this is secured by passing a chain round a road-post at the

top of the steep; the roadway being straight allows of the chain working
between the rails. The lower end of the chain is at the foot of the steep when
the upper end is attached to the full tub. Friction is caused by the chain

dragging along the floor and in passing round the road-post as the tub is brought
down the steep.

We may add that both mules and donkeys have been used underground instead

of horseflesh, especially where the roadways are level and low, and the tubs small.

They are both, however, difficult to manage, especially donkeys, owing to their

k k 2
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proverbial obstinacy, and are little used, if at all, in this country
;
but in the mines

of the United States mules are extensively employed.

FLEUSS APPARATUS FOR BREATHING IN NOXIOUS GASES.

The Fleuss apparatus for breathing in noxious gases is a most useful appliance,
which enables persons to remain under water or in vitiated air for limited periods
of time.* It is shown in Figs. 427-445. Figs. 427 and 428 show in front and
side view respectively the mask portion of the apparatus, by which the nose,
mouth and ears of the person wearing it can be shut off from the surrounding air

or gases. The mask is fitted with two pipes, A and B, one for the inlet of purified

air to the interior of the mask, the other forming a passage for conducting the
exhaled vitiated air to the purifying apparatus.

To secure the mask on the face, straps are used at the back of the head and
also a bandage which is passed over the mask from C to D, and fastened under
the wearer’s chin, Fig. 428. In masks of more recent make, instead of the

bandage, an india-rubber air-pipe is used, which, when in position round the

mask, adapts itself to all the irregularities of the face and effectually makes a

sufficiently tight joint. It is better that the person wearing the mask be without a

beard.

Even to a beardless person the mask is not a comfortable arrangement, and instead

of it, the “ goggles ” used by Denayrouse to protect the eyes may be substituted

together with the apparatus shown in Fig. 445. It consists of a tube U, kept in

position on the wrearer by the band W. The two ends of the tube, S, T, serve

the purpose of the tubes A and B in the mask. The whole face-piece is held by
grasping the flat projection V by the lips and teeth. When using the mask the

wrearer is inconvenienced by perspiration and water which flood the mask after

using it some time, and when using the more simple breathing appliance it is

accompanied by an emission of saliva which is difficult for the wearer to get rid of.

The nose is in communication with the inlet tube and the mouth with the other,

so that respiration proceeds by inhaling through the nose and exhaling through
the mouth.
The apparatus for purifying the air is arranged in the form of a knapsack, and

can be adjusted to the wearer in five seconds. Figs. 429, 430, 431, 432, 433,

434 and 435 show this. At the bottom is a strong metallic vessel E, about 6

inches in diameter and 16 inches long. This vessel is charged with compressed
oxygen at a pressure of 250 lbs. to the square inch. Immediately above this

* See Transactions, North of England Institute of Mining Engineers, vol. xxxi., pp. 197
—203.
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vessel is a rectangular-shaped metallic case H. A vulcanite vessel M is fitted

into the case H, as vulcanite resists the action of caustic soda.

This vessel (see Figs. 432, 433, and 434) has a perforated false bottom, and is

divided into compartments by division plates. The central division plate extends
from the bottom of the vessel to within a short distance of the top, whilst the

other two divisional plates, one on either side of the central one, reach from the

perforated false bottom to the top of the vessel. When made ready for use, the

Fleuss Apparatus.

compartments of this vessel are filled with tow and caustic stick soda. The vessel

is provided with a lid, made air-tight by an india-rubber washer placed between

the lid and the vessel. Two pipes pass from the lid, the one marked N, Fig. 435,
forming a passage through which the exhaled vitiated air is led into the end com-
partment, while by the other marked O, the air after coursing upward and down-
ward through the compartments of the vessel M can pass back to the interior of

the mask or breathing apparatus to be again inhaled.

The pipe O is made with a branch pipe O', standing out from it, from the end
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of which a flexible pipe is led to the interior of an air-bag P, Fig. 436. Thisbag acts as a flexible air reservoir, which expands when air is exhaled and contractswhen air is again drawn from it into the lungs.
T he inlet and outlet tubes on the mask are connected respectively to the inlet

and outlet tubes on the lid of the vessel M by elastic tubes of india-rubber.Each elastic tube is provided at one end with a metal valve, see Fig. 438. The
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inhaling valve opens towards the mask, the exhaling valve away from it. Each
elastic tube is formed with corrugations, as shown at Fig. 437, so that it may
readily stretch. The ends of the short tubes on the mask, as well as those on
the lid of the vessel M and the ends of the valve-pieces, have each a projecting

flange around them, so that when the ends of the connecting elastic tubes are

simply stretched over these flanges, they are in sufficiently close contact to form
air-tight joints.

To restore to the air its needed quantity of oxygen, a small pipe F, Figs. 429,

430, and 431, leads the oxygen from the metallic case E in which the store of

oxygen, under pressure, is placed, and after passing through a flexible tube con-

nected to it at F', Fig. 430, is led into the flexible tube before alluded to, which is

in connection with the air-bag. At the attachment of this smaller pipe with the

larger, a short length of metal tube is used, as shown at Fig. 439.
The passage of oxygen from the vessel E to the air-bag is regulated by a

valve K, shown more particularly in detail in Fig. 440. If the screw K be
turned, the valve can be lifted, more or less, away from its seat, consequently

leaving a larger, or smaller, passage through which the oxygen passes out from
the vessel F to the small pipe F. The loops Q, Fig. 436, at the lower part of

the air-bag, are passed over the studs G at the ends of the vessel E, Figs. 429,

430 and 431, when the apparatus is being adjusted to the wearer. The straps

at the upper part of the air-bag, Fig. 436, form a loop when buckled together,

which hangs over the shoulder of the wearer and is connected to the apparatus

at L L, Fig. 430. The lid of the vessel M is held down, and the vessel kept

H

Fig. 441.—Fleuss Apparatus
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securely in the metallic case H, by bars J, passed across the top of the case,

through eyes which project up from it as shown in Figs. 429, 430 and 431.
The apparatus, as just described, is a suitable arrangement for wearing in foul

air, but when used for enabling persons in an ordinary diver’s dress to work
under water, without fresh air, a modification of the apparatus, as shown in Figs.

441 to 444, is used.

Fig. 441 is a side elevation of the ordinary metallic shoulder-piece of a diver’s

dress, with the apparatus connected to it. There is a clip-plate all round the

edge of the shoulder-piece, by which the opening at the top of the diver’s dress

is clamped in the usual manner, and a tight joint made between them. Fig. 442
is a front elevation of the helmet, which is secured to the shoulder-piece and
locked thereto by giving it a partial turn. A mask is worn over the nose and
mouth of the wearer inside the helmet, a front and side view of which are shown
in Figs. 443 and 444 respectively.

When the apparatus is used for deep water diving, the case H, containing the

caustic stick soda, must be closed by a strong metallic cover, with metallic pipes

Fig. 442.

leading to and from it, and the vessel M, which holds the caustic soda, is formed
with a flange round the top. Above the top of the vessel M is placed a strip of

sheet india-rubber, and above this the metallic cover. The cover is kept

securely in place by screws, as shown at Fig. 441. The pipes which take the

foul air to, and conduct the purified air from, this vessel, are secured to the

head piece, as shown at A, Fig. 441.

The purified air passes straight into the dress, which serves the purpose of the

air-bag at Fig. 436, and the exhaled air is forced by the lungs through the

pipe X, Fig. 443, and through a flexible tube to R, Fig. 441, from thence passing

through the purifying vessel. A small valve is fixed on the mask at Y to prevent

the exhaled air mixing with the purified air in the dress
;

and another valve is

put on the outlet pipe, so as to prevent the exhaled air returning before being

purified. A small pipe from the oxygen reservoir is also connected by a union

to the shoulder-piece B, Fig. 441, and a continuation of the pipe leads into the

interior of the helmet. The mask, or mouth-piece, Figs. 443 and 444, is not

wanted to protect the eyes, and is consequently made smaller than the one shown
at Figs. 427 and 428. H', H', Figs. 430 and 441, are metal loops formed on the

exterior of the oxygen reservoir, through which a belt is passed and buckled

round the waist of the person using the diving dress.
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FLEUSS LAMP.

Accompanying the apparatus is a lamp which has been devised to burn when
surrounded by gases which do not support combustion. The apparatus would
be of no use in exploring fhe dark recesses of the mine without light, and this is

obtained by means of the Fleuss lamp, shown in Fig. 446. In it, a metallic

sphere N serves as a reservoir for compressed oxygen, and upon the sphere is

fixed a spirit-lamp M, with a moveable pin D, for carrying a lime, and a move-
able platinum tube G, capable of adjustment, for directing the stream of oxygen
through the flame of the spirit-lamp on to the lime.

A tube O traverses the spirit reservoir of the lamp M, and the platinum tube G
forms its upper extremity, while below it passes into the sphere N, which holds

the oxygen and communicates with a jamb-cock P, capable of adjustment from
without the sphere N, which enables the user to control and regulate the stream

of oxygen for producing more or less light at pleasure. The spirit-lamp reser-

voir M forms part of the spherical oxygen reservoir, and is provided at its outer

part with a screw thread and collar L, on which is screwed a double hood E, E',

the joint being made air-tight by means of a washer. The hood E consists of

an elongated cylinder with domed top and flanged base and having within a

screw-ring K for attaching to, or detaching from the screw thread and collar L,

on the spirit-lamp M. To the flanged base is soldered or brazed a somewhat
similar cylinder E', of greater diameter, so as to form an annular space between
the two cylinders, which is filled with water. The cylinder E is provided with a

glass disc C facing the flame of the lamp, and the cylinder E' similarly has a

glass disc or bull’s-eye B, by which means the rays of light from the interior of

the lamp pass through the water contained by the two cylinders to the exterior.

The products of combustion are carried into the space filled with water through
a sensitive valve H, fitted into the cylinder E near the base, and pass outwards
through a valve A in the centre of the dome above the water level to the exterior

of the lamp. The outer cylinder E' is provided with a suitable handle for

carrying the lamp. A cap J is fitted to it, which, when removed, exposes the

valve H in the inner cylinder and facilitates its renewal. The spherical oxygen
reservoir N is fitted with a suitable connection R, through which is admitted a

fresh charge of compressed oxygen when the reservoir has been exhausted. A
metallic ring S, attached to the lower portion of the globe, forms a base on which
the lamp will stand, and lamps used for submarine operations have a weight

enclosed within this ring. The object of the weight is to counterbalance the

buoyancy of the lamp. In recent forms of the lamp a worm and screw motion
is added to the valve P, so as to regulate the admission of oxygen to the greatest

nicety.

The oxygen is supplied by the patentees in wrought-iron bottles, 6f inches
outside diameter, 3 feet 3 inches long and J inch thick, 16 hours supply tested

up to 1,000 lbs. per inch, and filled with oxygen at about 600 lbs. to the

inch for ^5 5.9. each, £4 ioj. being for the vessel and 15,9. for the oxygen.
The contents of these bottles can be conveyed to the lamp and breathing reser-

voir in less than a minute.

The cost of the apparatus for breathing in foul air is about £20 ,
and of the

lamp about ^14. For exploring purposes it is most useful, and in underground
roadways of 3 feet 6 inches high or upwards, travelling with it is not difficult. It

weighs about 28 lbs., however, and is too cumbersome to admit of the wearer
ridding, timbering, or doing similar work. A man accustomed to the apparatus
may remain 3 or 4 hours in it while surrounded by unbreathable gases with one
charge of oxygen, but if he exerts himself violently or is nervous or excited the

supply will be exhausted much sooner.
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The supply of oxygen being under the control of the wearer may be urged as

an objection to the apparatus. If he become nervous and supply himself too

freely he will exhaust the store before it is safe to do so ;
no other inconvenience

would arise, as an overdose of oxygen is not injurious. This objection would be
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removed if some regulator could be attached which would maintain a continuous

and regular supply of oxygen.

The lamp will burn about 4 hours. When men enter the mine, with the

apparatus fitted on, they proceed as far as possible with safety and comfort to

themselves without putting the breathing appliance to their mouths. At the point

where it becomes necessary to do so a saving of time may be effected by leaving

there a store of bottles containing compressed oxygen, so that on returning to it

the apparatus may be replenished.

There should always be 3 persons or more together when exploring in dangerous

gases, and they should withdraw at once if any one of the number get into

difficulty.

At Killingworth the apparatus was used for the purpose of saving life, and
there two men carried out a fainting man while the third carried the lamps.

After the Seaham Colliery explosion on Sept. 8, 1880, resulting in 168 deaths, the

Fleuss apparatus was used for exploring purposes.

As an instance of its use under water, a case at the Severn Tunnel may be
mentioned. The making of this tunnel was beset with great difficulties. When the

headings on the opposite sides of the river had approached to within 138 yards

—— __z_r;- -

Fig. 447 .—Boring Exploring Places.

of joining each other, a large spring was tapped. In order to master it, new
shafts were sunk on both sides of the spring and by using powerful pumps in

these the head of water was gradually lowered.

Besides the water from the large spring a considerable quantity came from
the river heading through a flood door. To get rid of this for a time became of

much importance and a noted diver was engaged to make an attempt to close the

flood door. The man made a most plucky attempt to get to it in his ordinary

diving dress
;
but his air pipe floated so hard against the rough roof of the head-

ing that although he got within 70 yards of the door, he was obliged to turn back
and had extreme difficulty in retracing his steps.

Fleuss, the inventor of the apparatus described, was then invited down to close

the door. He went down the shaft in company with Lambert, the skilled diver

who had previously failed to shut the door, to the mouth of the heading, but not

liking the appearances presented to his view there he came up again and declined

to go further. Lambert then put on the Fleuss apparatus, and after one failure

succeeded in closing the door.

EXPLORING FOR WATER.

In approaching, from the dip, old wastes containing water, it is necessary to drive

a single place or a pair of places in the direction of the waste and to bore hori-

zontally in the coal. The chisel used for this purpose is usually i\ inches in

diameter. In most cases one exploring drift is sufficient, but if two are required

—one as an intake and the other the return— and both are within the statutory

distance of 40 yards from the old workings, each drift should have three bore holes,

one front hole and one flank hole on each side, the latter being at an angle of about

45
0 with the former, see Fig. 447, and bored at regular distances, say every 4 or 5

yards. The length of the front hole will be subject to circumstances, depend-
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ing upon the nature of the coal and the head of water in the waste. The Mines
Act says that the drift shall not exceed 8 feet in width at any point within 40 yards
of the dangerous accumulation, and there shall be constantly kept at a sufficient

distance, not being less than 5 yards in advance, at least one borehole near the

centre of the working and sufficient flank holes on each side. If 10 yards of

barrier be desired, the front hole should be n or 12 yards, and then 1 or 2 yards

of coal worked off, the hole being again bored the same distance after each
such removal. A few fir plugs from 4 to 6 feet long (pointed, tapered, and hooped
with iron at the head, and

;
if the pressure is likely to be very great, having cross-

pieces attached so that the force of 2 or 3 men and a heavy hammer could be
applied for entering and driving them) should always be ready at hand so as to

stop the flow of water as soon as tapped
;

it can afterwards be allowed to run at con-
venient times. Suppose 5 yards to be the minimum length of hole, and 20 fathoms
the minimum pressure, the length of hole should be increased 1 yard for every 10

fathoms. As the boreholes approach the waste the water will probably ooze through
to the borehole and give some indication of the proximity to the waste, before

actually holing into it. Mr. Greenwell says that the quantity of water which such
boreholes will run per minute may be calculated by the rule given in answer 191,

Chapter XV., where an example is worked out.

UNDERGROUND DAMS.

It is sometimes necessary to put in dams in the underground workings
;
for

instance, exploring parties in narrow places may meet with large quantities of

water which it is desirable to keep back, or the necessity may arise from other

causes. In selecting the situation for a dam, care must be taken to choose one
free from slips and faults of all description, and it should be prepared, if this be
practicable, with the pick, and no explosives used, because the shots shake the

coal or stone. The sides, top, and bottom must be dressed perfectly smooth.

Wood or brick may be used, the former being preferable, because the least yield-

ing of the masonry abutments causes fracture and breakage. The requirements

of a dam are that it shall be perfectly water-tight, and be able to resist the

pressure brought to bear upon it. Masonry dams consist of two or more con-

centric arches placed several feet apart, the space between them being filled up
with clay and well rammed. Sound, well seasoned oak is the best material for

wood dams. They are used in pieces from 3 to 8 feet in length (depending upon
the pressure which the dam is required to resist), square, and tapered, and the

radius of the inner circle should be from 18 to 30 feet. They are laid down in

rows beside each other, and one upon another, with their larger ends towards the

water. They are carefully prepared on the surface, and to ensure fitting accu-

rately they are built together there, and each piece numbered before going into

the mine. To allow for the pressure pushing the dam forward, it is advisable

that its seat be continued of its tapering form a few feet. Figs. 448 and 449 will

assist in explaining the dam.
The sides, bottom and top having been accurately dressed, a layer of tarred

flannel should be laid next to the coal or stone, and the pieces of wood built up.

It is necessary to insert three metal pipes as the building proceeds
;

one,

marked A on the sketch, about a foot from the bottom, and of a size to allow the

water to run through, or if the quantity of water is very large two such pipes may be

inserted. A second pipe B, about 2 feet from the bottom and 18 inches in diameter,

is laid, to allow of the men passing through during the building and wedging
of the dam. It must be remembered that it is necessary to have the wedging
done on the side from which the pressure comes, viz., on the inside of the dam.
Another pipe C, about an inch in diameter, is placed near the roof. The water
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is conveyed by boxes to the water pipe or pipes A in the dam, and the pieces

having all been built up, the wedging is proceeded with from the inside. Fir

wedges, 1 2 inches long by 3 inches broad and an inch thick at the head, are first

ROOF

FLOOR
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Fig. 44
0

.

driven in, and after these have been driven at all the joints and round the pipes,

smaller wedges of oak may be driven, an iron chisel being used to prepare places

for their insertion. When no more wooden wedges can be got in a few steel

wedges may be made to enter, more especially between the wood and the stone

or coal. After the wedging is completed, the workmen drive a plug of wood
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which has been prepared for the purpose into the water pipe A, but if practicable
the pipe C should be continued by means of iron pipes to such a level as will
outset the water, otherwise it must be plugged. The workmen then retire through
the pipe B, and a plug which has been prepared and carried in before the
erection of the dam, and which is covered near its larger end with vulcanised

india-rubber so as to ensure
a water-tight joint with the
pipe, is drawn in by means
of a rope, and tightened by
attaching the rope to a lever,

or a windlass. The subse-
quent pressure of the water
forces in the plug still more
firmly. A dam of this de-
scription will resist a pressure
of from 50 to 100 fathoms of
water. The pressure the dam
has to resist will be found by
the following rule

H
P

P =

= head of water in feet.

= pressure in lbs. per
square foot =

pressure in

square inch =

62*4

lbs.

43

H.
per

H.

WATER-BLASTS.

Sometimes water accumu-
lates in workings temporarily

abandoned, and reaches a
considerable height in the

shaft, and in such a case,

after the opening into the

seam has been “ drowned,”
thereby excluding the passage
of air, the air left in the rise

workings will become com-
pressed as the water rises in

the shaft, see Fig. 450. If

gas be given off from the coal,

the pressure of the gas will

also be increased, and both
air and gas are thus pent up.

In taking out the water on
resuming work at the colliery,

it is quite likely that a sudden
rush of air and gas may take

place, owing to the elasticity

of these bodies, and when
this happens, the air will force

itself through the water with great violence and noise, and the level of the

water in the shaft and workings will fall suddenly—it may be some fathoms

—

and produce what is called a “ water-blast.” Great care is therefore needed
in unwatering a mine after inundation, for several instances are recorded where
water-blasts on a large scale have occurred.
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UNDERGROUND FIRES.

Undergound fires are of frequent occurrence in mining operations, and when
they occur are exceedingly difficult to deal with. The heat itself is intense, and

the air near the fire is vitiated by the products of the combustion, and if firedamp

exist, there is a constant danger of an explosion added to the already existing evil .

Fires are frequent in the workings and wastes of some mines, and where naked
lights are used their occurrence is to be expected sooner or later, for there is

generally plenty of inflammable material ready. They may arise from such

causes as a light being set to a body of dry material, in contact with the coal,

such as old props, canvas or deal bratticing, doors, &c., or sparks from an
underground boiler or furnace, or an explosion of firedamp, or of a shot. A
frequent cause is spontaneous combustion. The fire usually extends towards the

fresh air current entering the mine.

If a seam of coal contain iron pyrites, and heaps of small pyritous coal lie

about exposed to a moist atmosphere, the conditions are favourable to spontaneous

combustion, because decomposition sets in, attended with a liberation of heat.

This heat not being allowed to escape, or to escape but slowly, combustion of the

sulphur follows.

Coal seams which have no iron pyrites are also subject, but in a lesser degree,

to spontaneous combustion, for when heaps of small coal are exposed to a moist

atmosphere, oxidation takes place, heat is generated, and, under certain circum-

stances, combustion ensues. The nature of the roof affects the spontaneous
combustion of coal. Beneath a sandstone roof spontaneous combustion is

unlikely to occur, because the heat escapes as fast as it is generated. With a

soft shale roof, which is impervious to the gases formed, the heat is confined,

unless there are fissures which allow the gases to escape.

As the presence underground of heaps of small coal is necessary to spontaneous

combustion, in order to avoid fires from this cause, all small coal should be sent

out to the surface if this be practicable. Another plan is to prevent the air from
coming in contact with the small coal in the wastes by erecting air-tight barriers.

Another method, and probably the most effective, is to send such a volume of air

to the dangerous masses of coal as to keep their temperature down.
To extinguish an underground fire, the first procedure is to isolate that portion

of workings where the fire exists. By a reference to the colliery plan, a line is

decided upon which has the fewest number of openings crossing it, and air-tight

stoppings or barriers must be erected in each of these places, and as time is of

great consequence, these must be proceeded with without delay. If the air could

be effectually kept from the fire in this way, it would soon cease, but it is almost

impossible to close all crevices, and it has been found where nothing more was
done that, although the fierceness of the fire ceased at the time, directly

operations were begun again and the air admitted, the smouldering fire burst out

afresh. This being so, after the barriers are erected and the intensity of the fire

stopped, recourse is had to other means to finally extinguish the fire, if such
means are available.

The most effectual plan is by flooding the mine, which may be done by
stopping the pumps and allowing the water to rise, or by sending down water

from the surface. This is, however, a costly method of putting out a fire, for the

water has to be pumped out again after the fire has ceased, and generally much
damage is done to the roads and workings by flooding. This is especially the

case where the floor or roof is softish or of a clayey nature.

Another plan is to produce carbonic acid gas in large quantities and direct it

by pipes on to the fire. Carbonic anhydride may be sent to any portion of the

mine—to the extreme rise for instance—which could not be reached by water

except by flooding the whole mine.
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It is sometimes impossible even to enter the mine after the coal has been set

on fire following an explosion of firedamp. In this case the shafts themselves 5

must be sealed. For this purpose a scaffold is fixed a few feet down the shaft.)

Or it may be suspended from balks of timber laid across the top by means of,
!

stout chains, and it should fit truly round the shaft
;
a quantity of plastic clay is i

then thrown on the scaffold, and a stratum of water may be placed on the top of
1

this to ensure all being air-tight. Cast-iron pipes of 6 inches diameter may be
j

placed through the scaffold before the clay is thrown down, reaching to the
'

surface, and furnished there with valves opening outwards only, so as to admit of

after observations, such as the analysing of escaping gases, or testing them with

the safety lamp. An inch gas-pipe may also be placed through the scaffold,

reaching upwards to the surface, and furnished with stop cocks, so that a water
gauge or pressure gauge may be applied and the pressure inwards or outwards
ascertained.

TESTING THE ROOF.

The safety of the roof is judged of by general appearances and the sound
produced on tapping it with a small hammer or other suitable article. If it looks

solid and the sound indicates that it is so, the roof is usually safe, but this

alone should not be implicitly relied on
;
the lamp or candle should be held up

to the roof, and a careful scrutiny be made for joints or cracks. The sound may
sometimes appear to show a stone to be solid when it is not so, the large size

of the stone stopping the hollow sound.

If a hollow sound be emitted when the roof is struck, the stone is unsafe and
should be either taken down or timber set up under it. The sides must also be
examined, and this is usually done without sounding, by carefully examining them
with the aid of the lamp or candle.

FAULTS, AND METHODS OF DEALING WITH THEM.

Faults are frequently met with in mining operations. When the workings meet
with interruptions which have not been proved elsewhere, to ascertain if the fault

is a rise or dip one, observe the angle which the leader of the slip makes with the

floor. If the angle be obtuse, as shown in Fig. 451, the leader will have appeared

in the roof first, and the probability is that the coal is thrown down on the other

side of the fault. If, on the other hand, the angle be acute, as shown in Fig. 452,

the leader will have appeared in the floor first, and the probability is that the coal

is thrown up on the other side of the fault. These remarks hold good generally, but

in the case of overlap faults, which are prevalent in some districts, the reverse

obtains, as seen in Fig 453. Frequently the rate of dip is considerably altered

as the workings on a seam of coal approach a fault, and this irregularity indicates

the coming disturbance.

Rolls in the coal seams are not, strictly speaking, faults, as there is no interrup-

tion in the continuity of the seam, but the coal describes an abrupt curve rising

rapidly from the beginning of the roll in a curved line to its summit and as

rapidly dipping back to the end of the roll, from which the seam continues in

its normal condition, or the roll may be curved in the opposite direction, and its

lowest point be considerably below the level of the seam where it resumes its

normal condition.

Sometimes the continuity of a coal seam is broken without any disturbance in

the level of the two ends of the seam, which are separated by a mass of unpro-

ductive material, in Somersetshire called “ dead ground." At others the two

ends of the seam, instead of terminating abruptly against the barren ground, will
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taper away in wedge-shaped pieces of coal against it, and this kind of fault is

called a “nip out” or “want.”
After proving a fault and ascertaining the amount of dislocation, unless large,

a permanent road should be made through it. In a perfectly level seam, and
the fault a downthrow or “ dipper,” the bottom should be taken up from a point
a few yards on the out-bye side of the fault, and the road continued through it at

a regular gradient suitable for haulage, say, of 2 or 3 inches to the yard, till the
seam is cut on the other side of the fault. If the fault is an upthrow or “ riser,”

the top should be taken down and the coal reached by an easy rising road. If a
dip fault cut the coal off in the water-levels, where the seam of coal has a certain

Fig. 45T.—Downthrow Fault.

Fig. 452.—Upthrow Fault.

rise, and it is desired to keep strictly to the water-level course, the water-levels

must be turned in the direction of the rise, and by keeping truly water-level, but

with the drift turned at a suitable angle, the coal will be cut on the other side of

the fault. If, however, the fault be an upthrow, and it is important not to “lose

level,” the water-levels should be given a “ down-hill ” turn, so as to cut the coal

on the other side of the fault, and yet keep the water-level course. Examples
have been worked out at the end of Chapter VII. in explanation of this, see

Answers 46, 47 and 49.

STEAM INDICATORS.

The original indicator was invented by Watt, for the purpose of accurately

ascertaining the internal condition of the steam engine, the state of the vacuum,
the amount and variations in the pressure of steam at every point of the stroke,

the cushioning, the condition of the slides, whether the ports are opened and
closed at the proper time, &c., in his engines.

C.M.H. L L
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Watt’s indicator, in a form for tracing out a complete diagram, is shown in

Fig. 454. It consists of a cylinder L, about 1 inch in diameter and 6 inches

long, fitted accurately with a solid piston P. At the bottom, the cylinder is fitted
j

with a steam-cock K, which is screwed into an opening made in the cylinder-
j

cover, or into an opening in the cylinder of the engine itself, close to the end.
j

At the top, the cylinder is open, so that the upper side of the piston P is subject

to atmospheric pressure. The piston is fitted with a small rod on its upper

side, which carries at one end a pencil R, so as to mark on a board

moving to and fro horizontally in the frame A B C D. The board receives its

motion by means of a cord, shown in the Fig., which is fastened to some
reciprocating part of the engine, the period of whose motion is identical with

that of the engine piston. The weight M at the other end of the cord causes

the return motion of the board. The spiral spring

N controls the vertical motion of the piston.

As first introduced by Watt, there was no sliding

board to the instrument, but the pencil moved in

vertical direction in front of a graduated scale. By
this means the pressure of steam in the cylinder, or

the amount of vacuum, could be ascertained. The
addition of the sliding board, however, enables a

complete diagram to be traced on it, by means of

which the steam-pressure and vacuum at any point

of the stroke is obtained.

When the instrument is screwed into the steam-

engine cylinder-cover, the string passing upwards at

A is attached to some moving part of the mechanism
so that the board receives a motion corresponding

to the engine piston, but with a reduced travel. If

the board be now moved to and fro, the pencil traces

the horizontal line E F, technically called the atmo-
spheric line. On turning the cock, K, steam is ad-

mitted from the engine-cylinder into the lower end
of the indicator-cylinder, and presses upwards against

the piston P. When the pressure of the steam
balances that of the external atmosphere the piston

remains at rest. If the steam-pressure (or uncondensed vapour below the piston)

be either greater or less than that of the atmosphere, the pencil will rise or fall,

and the curve drawn will be the result of combining the motion of the pencil

with that of the board.

The steam indicator invented by Watt has been much improved, but the general

principle remains the same. Perhaps the best known and most frequently used
at collieries is Richards's

,
which will be understood on reference to Fig. 455.

c is a screw for fastening the indicator to the cylinder. The handle on sketch is

to open the connection between the cylinder of the engine and the indicator, and
by means of which the steam is admitted under the piston d, working in the

indicator cylinderfm ,
which has the end m. always open to the atmosphere. The

piston d, with its rod e of the indicator, are shown in dotted lines, the former
being half a square inch in sectional area. The dotted slanting lines show the

spring which keeps the piston down, and against which the steam has to act in

forcing up the piston d. A complete set of these springs and scales correspond-

ing thereto, suitable for working at different pressures, are usually supplied with

the instrument, fr is the barrel round which the paper is wrapped, the paper
being made fast by two clips. Inside this barrel is a spring, the object of which
is to effect the return of the drum, after it has been rotated by the string.



RICHARDS’S INDICATOR. 515

Although the movement of the drum has no connection with that of the indicator

piston, when attached to a steam cylinder for use, both are made to move simul-

taneously, so that when the barrel has moved nearly round once, during which

the piston goes up, the force of the spring causes it to return, as the indicator

piston goes down. The graduated scale is to measure the pressure of steam and
the vacuum, but it is not marked on modern indicators. A piece of whipcord

passes round the pulley gs, which gives motion to the barrel. While the piston

of the engine moves several feet, that of the indicator moves up less than an

inch, and the barrel has to move round four or five inches in the same time.

Motion is given to the barrel from the piston crosshead, and levers are used to

reduce this motion. If the length of the diagram be three inches, and the length

of stroke three feet, we have to proportion the levers as 3 : 36, or as 1 : 12, and
the required motion is obtained. The indicator barrel is moved round by the

string which is attached to its proper relative position of the lever, actuating the

pulley gs, and with the pulley, the barrel. The arm hh carries the parallel motion
kjpn

,
the pencil being at /. By means of this parallel motion the stroke of the

indicator piston is, say, from 1 to 2 on the sketch but the pencil is required to

have more motion, say from the lower 15 to 25 on the scale, and this it gets

through the application of the parallel motion. This is readily seen, for the end
of the indicator piston rod is attached to the lever pn at 0

,
and the end n being

fixed, the motion of the indicator is multiplied in the proportion of no to op . In

Richards’s indicator this multiplier is about 3*5, and the motion being thus

increased, the pencil indicates on an enlarged scale the least variation of pressure

or action.

There are different methods of arranging the lever or levers to the crosshead or

piston-rod, sometimes two levers being used, sometimes one, and these may be

l l 2
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applied either with under motion or over motion. Fig. 456 shows the gear with

over motion.

The indicator is shown at f The lever c is hung on a pin, d, supported by a

bracket, or anything equally applicable. It is looped at its other extremity, so as

to allow for the travel of the pin on the crosshead, b. The barrel of the indicator,/;

derives its motion from the correct point on the lever, c, being connected by a cord

passing quarter round the pulley e
,
and then continued to the pulley on the

barrel.

Supposing now the indicator to be attached in this way to a vertical condensing

engine, its action is as follows. As soon as the attachment is completed, the

lever at the crosshead causes the barrel of the indicator to move from right to

left, and a straight horizontal line will be drawn by the pencil. Generally, the

pencil is allowed to mark this line several times, and it is called the atmospheric

line, because it coincides with the atmospheric pressure : all parts of the diagram
above that line show the pres-

£ c sure above the atmosphere,

and all parts below it show the

vacuum, so that the top part

of the diagram is called the
“ steam,” and the bottom the
“ vacuum.” It has been
stated that if only the barrel

be made to move, a horizontal

line is traced, but if now the

motion of the barrel be
stayed, and the steam ad-

mitted to the indicator by
turning the handle for the purpose, the pencil would be driven straight up, or a

vertical line would be traced. When both the barrel and the indicator piston

move together, the result is a line compounded of the two motions.

After the indicator has been attached to the crosshead at one end of the

cylinder, say the top, having marked the atmospheric line a few times, the handle
of the indicator, which admits the steam to it, is turned at the instant the top port

opens, the piston of the engine being at the top of its stroke. The moment the

steam enters the cylinder it drives the piston down in the direction of a on the

indicator sketch, Fig. 455, and also enters the indicator in the direction of b, forcing

the piston of the indicator up. This causes the vertical line AB, Figure 457, to be

drawn on the paper. The steam continues entering at its normal pressure, the

piston of the engine goes down, and, so long as the pressure remains the same,
the pencil of the indicator remains at the same height, and the barrel moves
round, causing the line BC, Fig. 457, to be drawn.

When the pencil gets to C, the valve has closed the port, and the steam is left

to expand
;
as it expands the pressure decreases, becoming less and less and the

pencil falls gradually lower and lower to D. When it gets to D, the upper
port is opened to the exhaust, the steam rushes out in a contrary direction to the

arrows on Fig. 455, and the pencil falls to E, Fig. 457. There is now a vacuum
above the piston of the engine and below that of the indicator and the vacuum
line E F is traced. When the pencil gets to F the piston has arrived at the end
of its stroke, cushioning takes place and the pencil rises at once to A.

Similarly the dotted lines show a diagram from the other side of the cylinder,

so that each figure represents the action of the indicator through an up-and-down
stroke or a complete revolution of the crank.

As illustrating the use to be made of the indicator diagram, suppose Fig. 458
to have been taken. The first thing to do is to divide the length of the figure
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into 10 equal divisions and then to set off half of one space from each extremity

and arrange the remainder equi-distant. Lines are drawn at right angles

with the atmospheric line from each intersection or divisional point, then with

the scale of the diagram each ordinate is measured and figured above and below

the atmospheric line. The total sum of each set of ordinates is then obtained

by simply adding the several lengths together, and the mean is got by dividing

the total by the number of ordinates—in this case 10. In Fig. 458 the

mean pressure of the steam is 1 5’575 lbs. on the square inch, and the vacuum
obtained is equal to an atmospheric pressure of 9*69 lbs. on the square inch.

The effective pressure on the piston then is 15*575 T- 9*69 = 25*265 lbs. per

square inch, and the horse-power of the engine may be found from this, knowing

also the length of stroke and the number of strokes the engine is going per

minute. It will be observed that the remarks on Fig. 458, R no, S 27J,

V 26, mean that the engine is going no revolutions per minute with a steam

pressure in the boiler of 27^ lbs. and the vacuum gauge marks 26 inches or

13 lbs. pressure. It will’ be noticed

that the highest record of full

supply of steam in the cylinder is

24*2 lbs. showing a loss due to fric-

tion and radiation in passing from
the boiler to the cylinder, also that

the difference in the vacuum pres-

sure is owing to the temperature

in the cylinder being higher than

in the exhaust steam pipe at the

condenser end.

To be strictly accurate in working
horse-power of engines a diagram
should be taken on both sides of

the piston, even where the action of

the steam on the one side is repeated

on the other, and a mean of the

effective steam pressure, but for the

with a single diagram.

In diagrams taken from non-condensing engines the line traced will not, of

course, at any point descend below the atmospheric line, but will in fact be
above it owing to the back pressure of steam on the other side of the piston.

Therefore, in measuring the ordinates on a diagram obtained from a non-con-
densing engine, measure with the scale from the atmospheric line to the upper
line traced on the diagram and also from the atmospheric line to the lower line

of the diagram. Having obtained the average of each set of ordinates, subtract

the one from the other, that is deduct the average back pressure from the full

pressure to obtain the average effective pressure. The average back pressure is

seldom less than 3 lbs. even in good engines.

two diagrams adopted as representing the

sake of clearness the method is here shown

Goodeve, in his Text Book of the Steam Engines
,
thus writes of the indicator

diagram of a single-acting engine :

—

“ In the single-acting engine two diagrams must be taken, one from
the top and the other from the bottom of the cylinder. These diagrams
are quite unlike in form, for the action during the down-stroke is not

repeated during the up-stroke as in a double-acting engine, and our first task

will be to comprehend the reasons of the particular conformation observed.

For this purpose reference is made to a diagram taken from a Cornish pumping
engine, having a cylinder 70 inches in diameter and making 4 strokes per

minute, under a mean pressure of 15*1 lbs. per square inch. The figure is
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reduced from one on a larger scale, so that the indicator spring would extend

one inch on the reduced diagram for a steam pressure of 40 lbs. per square

inch.
“ One card is taken from the top and the other from the bottom of the

cylinder and each must be interpreted in its turn.
“ As far as the upper card, Fig. 459, is concerned, that figure indicates the

admission and cut-off steam, together with the opening of the equilibrium valve,

which corresponds to imperfect condensation in our normal diagram. The
lower card has reference to the state of things below the piston where the equi-

librium and exhaust valves are opened consecutively.

“Beginning at the point A, with the piston at rest at the top of the cylinder,

we note that the pressure rises until the down-stroke commences, when the

steam line B C D is traced out. The portion B C is horizontal and the cut-off

takes place at C. It is common for the steam line B C to drop considerably

before the cut-off begins, especially in large engines. The line D E indicates

that the equilibrium valve is opened, and that the steam pressure has fallen

somewhat during the circulation which takes place. At the point E the equi-

librium valve is closed and compression or cushioning begins, just as in a double-

acting engine. At the point A the piston is coming to rest, and there is a drop

in the curve which is often much more marked than in the present example, and
which indicates loss of pressure before the down-stroke begins. Such loss would

be due to leakage of the compressed steam round the circumference of the piston,

or perhaps to loss of heat.

“As to the lower card, the nearly horizontal line, b a, shows that the equilibrium

valve is opened. When compression begins at E, above the piston, expansion
will also begin to much less extent below it, and there will be a slight drop
towards the end of b a. Otherwise, the lines D E and b a nearly coincide,

and would do so absolutely, if there were no disturbing causes at work
;
but

the diagram shows some difference of pressure at the two ends of the cylinder

when the equilibrium valve is open.

“With regard to work done, the piston is driven down by the steam from
above it, as opposed to the back pressure of the exhausted space underneath,

and that part of the action is fully determined by comparison of the lines

BCD and d c. But the whole work done by the steam in the double stroke

is, according to our principles, obtained by a careful measurement of the areas

of the enclosed figures.

“ At first sight, the student might imagine that the horse-power may be calcu-

lated by simply noting the pressures indicated by the steam and exhaust-lines,

the cutting away of any part of the intermediate area—as by compression or

by want of coincidence of the lines D E and b a—affecting only the up-stroke

when the weight of the pump-rods is the moving force. But a little considera-

tion will show that such a notion is erroneous, and that the compression of steam
in the up-stroke, and the resistance to the motion of the piston due to in-

equality of pressure when the equilibrium valve is open, must be deducted from
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the total efficiency. The steam opposes the piston in its ascent to some degree,

and this gives rise to negative work, which must be deducted from the positive

work accomplished in the down-stroke. In other words, during the down-stroke
the steam does the work, and during the up-stroke work is done upon the

steam.
“ It follows, therefore, that the portion of unoccupied space between the two

intermediate horizontal lines is a veritable subtraction from the efficiency of the

agent.
“ We pass on to calculate the horse-power in the case of a single-acting

pumping-engine, having a cylinder 112 inches in diameter, with a stroke 9*166

feet, and making 7*5 strokes per minute.
“ Referring to the diagram, Fig. 460, where the steam pressures are noted, and

taking each group of numbers in order, there is, above the atmospheric line, a

series amounting in all to 56*5. Below the atmospheric line the first series

amounts to 48*5, and the second series gives 39*3.

“Hence the mean pressure of steam = (36*3 + 48*3 4- 39*3) = 14*43,

... H.-P = ! 4*43 X X 56 x 56 X 9-166 x 7*5 _ 6 „

33,0°°
y ^

In engines working under a varying load, such as winding-engines, it is useful

to have diagrams taken of every stroke made during such variation of load,
and for this purpose an arrange-

of

is

ment of indicator capable

taking continuous diagrams
now used.

In the improved Richards In-

dicator made by Messrs. Schaffer

and Budenberg of 1, Southgate,

Deansgate, Manchester, a screw
arrangement can be supplied for

raising the paper drum of the

indicator by hand for the pur-

pose of taking a number of

diagrams in succession. This
arrangement is very suitable for

colliery winding or hauling engines as a paper of diagrams can be obtained through-

out one wind, arranged in the order of taking on the paper. These indicators are

very carefully made and each instrument is thoroughly tested before being sent

out. The tension of the spring in the drum can be regulated to suit the speed

of the engine, by loosening the upper nut on the drum spindle and turning

the disc holding the spring until the required tension is obtained, the

nut being then again screwed home. The small pulley for guiding the

cord is arranged on a swivel joint allowing the pulley to take any convenient

position. The indicator is provided with every convenience for examining and
cleaning, inserting the cord, &c.

Fig. 460.—Indicator Diagram.

Fig. 461 shows an exterior view of the Thompson Indicator
,
made by Messrs,

Schaffer and Budenberg, and designed to overcome some objections attending

the use of Richards’s, by reducing the inertia of the parallel motion, so as to

lessen the oscillations of the pencil, and render the instrument applicable at

higher speeds.

In the novel parallel motion of the Thompson indicator, the lever carrying

the pencil is very lightly made, so as to bend slightly and give the pencil

a gentle elastic pressure against the paper
;

this arrangement does not
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re-act disadvantageously upon the parallel motion as does that in the Richards
indicator.

In Fig. 461 the indicator piston is connected to the main horizontal rod of the

parallel motion by a connecting rod, passing inside the piston rod, which is

made hollow so as to allow

of this. The attachment
to the piston is by means
of a small double ball

joint. This gives a joint

which is quite free without

having any play and allows

of a means of adjustment
by taking up any play

resulting from wear on the

joint. The parallel motion
is carefully designed to en-

sure that the pencil point

describes a straight line

and that the motion of the

pencil point is precisely

proportional to the displace-

ment of the indicator piston

throughout the stroke. To
suit the higher speeds for

which the indicator is in-

tended, the passage of the

cock and connection is

made | inch, against | inch
in that of the Richards in-

dicator. The piston motion
is multiplied in the propor-

tion of 1 to 4, as is also that

of the Richards as made
by Messrs. Schaffer and
Budenberg. The stroke of

the piston is only f inch as

against § inch, the maxi-
mum height of the dia-

gram being consequently

3 inches, against 3! inches,

in the Richards. In all

other respects the Thomp-
son and Richards indicators

are similar. The former
Fig. 461.—The Thompson Indicator. is also made in a Small

size, which is intended

more especially for taking diagrams at high speeds. In it the parallel motion
is made very light, so that the oscillations of the pencil at the highest speeds

are considerably reduced
;

a stronger spring than in the large instrument being
invariably used. This instrument complete with fittings weighs only 5 lbs., as

against 1 1 lbs. in the case of the large Thompson, and a still greater weight in

the ordinary Richards indicator. Its greater portability gives it an additional

advantage over the other instruments. The large Thompson indicator has been
successfully employed at a speed of 400 revolutions per minute, whilst the small
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Thompson may be used up to 600 revolutions per minute if a sufficiently strong

spring is inserted.

If desired the apparatus can be supplied with a rising motion of the drum
operated by hand for taking any number of diagrams successively on the same
paper.

Messrs. Schaffer and Budenberg also make a Double Indicator which is a

novelty in construction. In the ordinary indicator, the upper or steam-pressure

curve drawn on the diagram does not in reality pertain to the back-pressure

curve drawn beneath it, but belongs rather to that back-pressure curve which
would result if the other side of the piston were indicated simultaneously

;
and

the calculation from an ordinary diagram of the work done by the engine during
a stroke is based upon the assumption that the action is identical during two
successive strokes on both sides of the piston.

The object of the double indicator is to be enabled to place both sides of the

piston in communication with the indicator at the same time, if desired, and in

such a way as to record on the diagram, the actual resultant effective pressure

on the piston throughout the stroke. This instrument consists practically of a

combination of two indicators acting upon the pencil simultaneously, and causing

the latter to record directly the resultant-pressure upon the engine piston. The
double indicator has two pistons fixed upon the same spindle and when both

indicator cocks are open, the pistons are subject respectively to the pressures

on both sides of the engine piston, the pressure being, of course, in opposite

directions in the case of non-condensing engines, and in the same direction in

condensing engines. There is only one spring, and this is employed in com-
pression upwards or downwards, according to the direction of the resulting pressure

on the engine piston, the arrangement of the spring being such that it can only be
used in compression. The diagram traced by this indicator is therefore situated

partly above and partly beneath the atmospheric line, and the distance of the

diagram from the atmospheric line at every point represents the actual resultant-

pressure on the piston. The areas of the diagram above and below the atmos-
pheric line show respectively the work of the steam on each side of the piston,

and the area of the whole diagram represents the actual work performed during

one revolution. If only one indicator cock be opened at a time, separate diagrams
from each cylinder end may be obtained, and by taking these on the same paper
as the combined diagram, a complete record is obtained which shows all the

details of the separate diagrams, and facilitates the calculation of the whole
diagram.

A peculiarity of the double indicator is that its indications are independent of

the barometric pressure, the piston rod being equilibrated for this pressure, whilst

in all ordinary indicators the atmospheric pressure acts upon the upper side of

the piston.

The instrument has not become very popular owing to the diagrams obtained

from it differing to such extent from those of the ordinary indicator as to puzzle

the occasional user.

PRESSURE AND VACUUM GAUGES.

The first form of gauge used to determine steam-pressure was the mercury
column, and it is still used as the standard of comparison when graduating
existing gauges. The indications of the mercury column are most accurate and
reliable in careful hands, but it is inconvenient for general use, and impossible

in cases where there is oscillation, as on locomotives. Fig. 462—the Bourdon—
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shows the type of gauge now in general use, which is the invention of M. Bourdon,
a Frenchman.* It is stated that the idea occurred to him while repairing the copper

pipe of a still which had become flattened. In trying to restore it to its normal
shape he forced water into it under high pressure, and observed that during the

process the flattened tube had a tendency to uncoil itself, and this was the more
apparent as the pressure of the fluid used was increased. This principle he
afterwards applied in the Bourdon pressure-gauge by using in it a flattened tube

of hard elastic brass bent upon itself, closed at one end, and open to receive the

fluid-pressure acting along the interior at the other. As the pressure fluid enters

the tube it unbends, and the extent of unbending depends on the amount of

pressure applied. A standard mercury column was used in order to ascertain

the pressure equivalent to different

amounts of unbending, and an in-

dicating pointer attached showing

the extent of unbending or the

corresponding pressure, and the

gauge as thus made is convenient

for carrying and for general use.

When carefully made its indications

are accurate and reliable.

In Fig. 462 an ordinary form of

pressure-gauge is shown partly in

section. The brass pressure tube,

B, shown in transverse section at A,

is securely soldered to the piece, C,

terminating the screw, E, and is

closed at the other end. The steam

or other fluid under pressure is

admitted by the small opening

in E, and fills the tube, B. As a

result, the tube tends to straighten

itself, and a link, D, pulls upon a

lever, F, which moves on the ful-

crum, G, and by means of a toothed

rack, H, rotates a small pinion, J, and with it the spindle, K. The spindle, K,

carries the pointer, which moves round the dial, and indicates by its position

the pressure of the steam or other fluid. It will be observed that a very small

movement of the tube, in the effort to unbend, is increased to a large movement
at the end of the pointer, and for that reason it is highly important that all slack

or back-lash should be avoided as much as possible. It is equally necessary

that friction be reduced to a minimum, or the pointer will not indicate the

same during the return motion, i.e., during a reduction of pressure. In the

ordinary form of these gauges the brass case, L, is used as a framework upon
which to attach the various parts, and when well made is quite satisfactory.

Where, however, the fastenings are in the least degree insecure, such gauges are

likely to give inaccurate readings. If the screw, E, be the least slack in the

case, it allows movement of the tube, B, by vibration, or by accidental push or

touch, and consequently may indicate pressure when none exists, or on the

other hand may require a considerable pressure before it indicates anything at

all. Any shifting of the brackets carrying the fulcrum, G, or the spindle, K,

may also seriously affect the pointer indication. In the gauges manufactured by

Messrs. Schaffer and Budenberg, of Manchester, no part of the mechanism is

* The Germans say that it is the invention of a German, Schinz, and in that country the tubes

are known by his name.
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attached to the case, but is all carried on one piece of metal, cast solid with the

screw, to which the Bourdon tube is attached. This method avoids possibility

of displacement due to defective fastenings, or inaccurate readings, if the screw

should shake in its case.

Figs. 463, 464, and 465 show sectional views of such gauges, Fig. 463 being

Fig. 464.—SchAffer and Budenberg Eccentric Bourdon Pressure or Vacuum-Gauge.

a concentric, and Fig. 464 an eccentric, Bourdon pressure, or vacuum-gauge,

while Fig. 465 is a steel tube gauge specially constructed for indicating high steam,

gas, or hydraulic pressure.

In Fig. 463 the pointer-spindle is set in motion by means of a pinion and
toothed quadrant. In Fig. 464 no toothed quadrant is used, the end of the
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Bourdon tube being attached direct to a lever on the pointer-spindle. In Fig. 465
the toothed quadrant is retained, but the Bourdon tube is constructed of steel

instead of hard brass. These gauges were originally only intended for hydraulic
purposes, but the principle has been so far modified as to allow of its being
applied to gauges for all ordinary steam pressures, and they register the lower
pressures with as great accuracy as the higher ones. When intended to indicate
hydraulic pressure a tube nearly circular in section is adopted

;
in the steel-tube

gauge suitable for steam pressures the tube is flattened considerably so as to be
more flexible.

Ordinary steam-pressure gauges with brass tubes are unable to indicate constantly

i

I

Fig. 465.—Schaffer and Budenberg Steel Tube Gauge.

such high pressures as 300 lbs. per square inch, and still more so pressures very

much higher which are needed for high pressure tubing, hydraulic presses, &c.

In Fig. 465 the type of gauge is designed to overcome these difficulties, and
maybe made to indicate different ranges of pressures varying from 120 lbs. to

30 tons on the square inch. The springs are manufactured from English-made
steel rods of the highest quality attainable, the rods being cut to the proper
length of the springs required

;
they are bored out, and turned off outside,

except the ends, to which a suitable thread is screwed. The straight tubes are

then heated to a certain temperature, and bent, the bending operation being

followed by a flattening and shaping process. After tempering, one end is

screwed into the stem or principal part of the gauge, through which the pressure

is carried on from the generator, and upon the other end is screwed a solid piece

of metal or cap, to which the rod is fixed, transmitting the movements of the steel

spring by suitable gearing to the pointer and dial of the gauge.

Although the steel tube springs stand perfectly well without corrosion, if

constantly under water, they cannot resist it when intermittently employed,

as this allows air to be admitted, following the water, and results in signs

of corrosion. This difficulty has been overcome by tinning, for which process
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Messrs. Schaffer and Budenberg have obtained a patent. By it both the

interior and exterior of the steel tubes are plated with tin. They thus

effectually resist corrosion, and may be used as test gauges with any required

intervals of time between periods of employment. They are exceedingly durable,

retaining perfect elasticity, and have the great advantage that all soldering is

avoided, which is requisite in the Bourdon, and other usual constructions in

which the spring consists of a brass tube.

These high-pressure gauges, in addition to their application to hydraulic

presses, are exceedingly useful in ascertaining the breaking strain of iron

and steel bars, chain cables, water pressure in accumulators, air compressors,

as also in connection with the manufacture of torpedoes, for which purposes they

are used at the Arsenal at Woolwich, Sir William Armstrong & Co/s, and Sir

Joseph Whitworth & Co/s, and other works.

Duplex gauges have two complete and perfectly distinct gauge works and tubes

communicating with the same inlet, and they therefore check their own
indications. They are made in two forms by Messrs. Schaffer and Budenberg, in

one of which, adapted for a steel tube test gauge, the two pointers, when at zero

near the top of the gauge, are some distance apart, and move in opposite

directions, when operated by pressure from the generator. The dial face is

divided into two corresponding even divisions, each being contained in rather less

than a half circle on the dial, and numbered up to the range of pressure the

gauge is made for. The two pointers should always indicate the same pressure.

In the other form the pointers overlap each other, so as to indicate on the same
scale, the arbor of one of the pointers being made hollow, while the other is passed

through the former.

The dial plate of each ordinary gauge made by Messrs. Schaffer and Budenberg,

is graduated separately, and by actual comparison with a standard mercury
column. When made, the gauge is left with a blank white dial, and in this state

is screwed to a connection leading to an open mercury column and a force pump.
Motion is given to the pump, which forces up the mercury on a measured scale,

and on which is marked the number of pounds per square inch, corresponding to

the height of the column. The column ascends the whole height of the building,

and the position of the mercury is read by assistants placed at various levels.

Marks are made upon the dial of the gauge, corresponding to every increase of

1 lb. pressure, and the dial is afterwards finished with the graduations as

thus determined experimentally.

For the purpose of comparing different gauges a hydraulic cylinder is used, the

piston of which is actuated by a screw and hand-wheel. The gauges are attached

to couplings prepared for them, and their indications may be compared with a

standard tested gauge by merely turning the hand-wheel, and forcing the

fluid used (preferably oil) into each.

The great height which would be required for the purpose, renders it

impracticable to test the steel tube gauges by comparison with a mercury column
;

they are, therefore, tested by pumping up the pressure on the gauge, and against

a loaded ram, having a definite known area and load. Special arrangements are

made to reduce the friction to a minimum, and allowance is made in the

graduations for the friction, the amount of which is determined by the aid of the

mercurial column.

Bourdon vacuum gauges are constructed on the same principles as pressure-

gauges, but are distinctive in consequence of their more delicate and sensitive

character, designed to suit the slight range of low pressures to be indicated. In

their construction the tube springs are made lighter and much flatter in section

than those used in the pressure-gauges. It is of the utmost importance to reduce
friction to a minimum, and for that purpose, multiplying gear is dispensed with

;
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the link from the end of the tube spring being attached direct to the lever on the

pointer spindle similar to Fig. 464. To avoid oscillations resulting from slight

vibration, the Bourdon tube must be proportioned so that small changes of

pressure produce ample power to move the indicating gear and pointer. In a
properly made and proportioned instrument the pointer should always come back
to zero on being released from the pressure deflecting it, however slowly it is

moved, and if when pressure is on the gauge, it be deflected and then allowed
to return, it should invariably settle at the true pressure. The most trying test

is when the deflection of the pointer is slow, followed by a slow return. To
test vacuum gauges, they are placed on a stand
alongside a tube immersed in mercury and an
air-pump. A scale of inches is attached to the

mercury tube and the air-pump is connected to

a coupling for carrying the gauge and also to

the top of the mercury tube. On starting the

air-pump the air is removed from the gauge
and above the mercury and the scale of inches

above the mercury level shows the vacuum.

Besides the Bourdon, Messrs. Schaffer &
Budenberg make a diaphragm gauge known as

the Schaffer ,
and shown at Fig. 466. This

gauge was patented by Schaffer as early as 1859,
i.e., prior to the invention of the Bourdon gauge,
and is available for pressures up to 300 lbs. per
square inch. Its most noticeable feature is the

corrugated steel diaphragm shown in the draw-
ing, which serves to receive the pressure of

steam or a fluid. In pressure-gauges the

steel diaphragm is backed up by a spring

thrusting against the steam pressure, and the

movement of the diaphragm is communicated
to the pointer by the lever-toothed quadrant
acting on a pinion attached to the pointer

spindle. The helical spring surrounding the

spindle, is intended to take up all backlash,

by keeping the pinion teeth always bearing

upon one side against the quadrant teeth. To
protect the steel diaphragm from the corrosive

action of the steam it is covered by a thin

pliable sheet of silver foil shaped to fit the

so thin as to allow free movement of the

diaphragm whilst effectively protecting it from corrosion.

Fig. 466.- -Schaffer Diaphragm
Gauge.

corrugations. This sheet is

LIGHTNING DESCENDING SHAFTS.

A danger to which collieries are liable is the descent of lightning to

the underground workings during a thunderstorm. Well authenticated instances

have been placed on record which leave no doubt that lightning has been
observed to traverse the underground workings

;
but in all instances without serious

damage having resulted from it. Some mines are so placed that they seem to

invite the descent of lightning into the workings. The colliery may be situated

on elevated ground, the underground workings be dry, and the ropes, rapper

wires, iron guides, steam or water pipes afford the means of conducting the

electric spark to the flat sheets at the landing stage, and these again being
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connected with the rails leave an unbroken course for the lightning, especially
if the rails are “fished ” at the joints. Whether it is possible for the lightning
to fire an explosive mixture of air and gas in the workings is not considered
certain although surely highly probable. The fact that an explosion occurred at

Risca some years ago during a thunderstorm has given rise to some discussion
on the subject.

To prevent the possibility of lightning discharges entering pits, the mouths of

the shafts should be efficiently protected, and this maybe done by fixing lightning

conductors to all lofty chimneys and buildings in the neighbourhood, and these
conductors should terminate with a good earth-plate sunk in the ground, or

preferably in the bed of a stream or a reservoir of water. The lightning con-
ductors should, of course, be placed sufficiently above the chimneys or buildings.

If these are at some distance from the shaft it may be advisable to fix a conductor
at the headstock of the pit, taking care to carry it as high as possible and to have
the end carried to an earth-plate.

AUTOMATIC GREASING APPARATUS.

Many forms of tub-greasers have been designed with a view to save labour
in applying the necessary lubricant to colliery tubs, and to avoid wasting the

lubricant in the act of its application. Some of them do their work most
inefficiently, and are liable to get out of order and damage the rolling stock

they are intended to lubricate. There can be no doubt, however, that a well-

designed automatic tub-greaser is calculated to effect a considerable saving at

large collieries. The following description of Dunford and Emens’ Patent
Automatic Greasing Apparatus (Figs. 467 and 468) is given by Messrs. Dunford
Brothers, of Newcastle-on-Tyne :

—

“A—Semicircular Trough, fixed to the sleepers, to contain the grease, with

bevelled side to incline the grease towards the wheel. B—Two Side Plates to

carry the wheel, with slots to allow of the wheel being easily raised or lowered.

C—Corrugated Wheel, with 4 short arms. The wheel revolving in the grease,

raises in its corrugations a sufficient quantity of grease to efficiently lubricate

the axles. D—Four Best Tempered Steel Spiral Springs, which hold the wheel

in position, and allow of its eccentric action. E—Four Cases, to hold the springs,

the short arms of the wheel being inside the springs and below the level of the

top of the cases. F—Square Boss, on which the spring cases slide, allowing the

wheel to assume an eccentric position when struck at an angle. G—Centre Piece,

on which the square boss revolves, allowing the wheel to have a rotary motion,

a bolt and nut passing through the centre piece holds it firm to the side plates.

“The apparatus is intended to be placed in a convenient situation, one on each

side between the rails of the tramway, so that each tub of a train passing over it
i

in either direction will receive on the journals of each of its axles an adequate

quantity of the grease lubricant, any excess being returned to the reservoir.

“ It consists of a semi-circular trough containing the lubricant, the upper end of

which is level with the ground, and covered in to keep out dirt or coal dust,

except the space through which a wheel works, the rim of which is in breadth

suitable for the axle journal, and has formed across it, all round, concave

recesses which contain the lubricant. The rim of the wheel, instead of being

rigidly connected to the boss or centre by arms, has an elastic connection by

means of four spiral springs enclosed in tubular cases interposed between the

rim and the boss (which has four flat faces), upon which the feet of the tubular

cases enclosing the springs slide freely, the result being that when the axle of a

running tub comes into contact with one of the concave recesses in the rim,

the journal receives a charge of lubricant, and, besides revolving the rim, pushes

it in the direction in which it is running, the springs yielding, and the feet of
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the enclosing cases sliding on the flat faces of the boss, the rim being pushed
temporarily into a position eccentric to the centre of its axle till the tub axle

has passed over, when it returns to its normal position, to be acted upon in the

same manner by the next following axle, which receives a fresh charge of

lubricant. Thus the rim will suit itself to tubs having wheels of different

diameters to the extent of several inches.
“ The greasing wheel on one side of the line is entirely unconnected with the

wheel on the other side; each acts freely to administer a charge of grease to the

journal on its own side of the line of tubs.

“ Where the tub wheels revolve on the axles this greaser is useless, but is

very efficient for tubs to which the wheels are fixed to the axle and the whole
revolve.”

The Hardy Patent Pick Company, Limited, Sheffield, supply a Self-Lubri-

cating Pedestal for Colliery Tubs which is designed also to protect the axles of

the tubs from dust. This is of much importance, especially in dusty mines,

where ordinary bearings get full of coal dust which renders useless the newly
applied lubricant. The construction of the bearing is very simple. The top

portion bearing the load is similar to the old form of pedestal, but under-

neath a steel dish is fitted, which keeps the axle free from dirt and at the

same time prevents it from leaving its bearing. The steel dish is stamped
out of one sheet of metal, and is shaped to hold a quantity of felt or wool,

which bears against the axle on the under side, and being soaked with the

lubricant, keeps the journal well oiled. When first charged about 5 oz. of

oil is required in the operation, but when necessary to replenish, a charge of 2

oz. is sufficient. It is said that the tubs will work two or three months without

further attention, after once oiling, and the journals remain clean and well-oiled

throughout that time. A tub with outside bearings may have the lubricant

applied to the journals at any time as the tub rests on its wheels, but with inside

bearings it is necessary to turn the tub by means of a lifter and then the oil may
be poured through a hole which leads into a large hollow space in the top of the

bearing plate. On returning the tub to its usual position on its wheels the oil

runs down into the wool or felt.

C.M.H. M M



CHAPTER XV.

MISCELLANEOUS QUESTIONS AND ANSWERS.

Denudation—Meeting of Cages in a Shaft with Flat Winding Ropes—Outstroke and Wayleave
— Pressure of Water Against a Barrier—Applying the Result Obtained from Boring

—

Discharge of Water from a Bore-hole—Pressure per Square Inch Produced by an Air-

Compressing Engine—Description of Anthracite, Semi-Bituminous, Bituminous, Cannel,
and Lignite Coals—Dynamometer—Elements of Rocks—Relative Hardness of “ Rock
Masses”—Beds and Veins of Minerals—Difference of Vein, True Fissure Vein, and Lode.

Question 152.—What is meant by denudation?

By denudation is meant the wearing and carrying away of the solid mate-
rials of the land by the agency of water. Rivers so carry away portions of

the land through which they flow
;
the tidal currents of the ocean lay bare the

rocky materials of its shores by wearing away their superficial deposits and by
sweeping away the solid masses. The effect of the tidal current of the German
Ocean is to sweep away large masses along the eastern coast of England and to

make a gradual inroad in the land annually. The soil and other matters trans-

ported by the action of rivers from inland situations are brought to the sea and
borne by the ocean currents to a much greater distance from their original site.

It has been computed that the Hoang-Ho, one of the largest and most rapid

rivers in China, brought down in a single hour two million feet of earth. The
Ordnance survey now (1890) proceeding in Yorkshire proves an erosion of the

coast there. The portion of the coast line which has been surveyed as yet, viz.,

that between Great Colden and Dimlington, has been almost uniformly encroached
upon, since 1852, by the sea for about 215 feet, or at the rate of 5 feet 10 inches

per annum.

Question 153.—At what point in the shaft would the cages “meet” if flat

ropes, f of an inch thick, are used for winding
;
the drums are 10 feet

in diameter at the lift, and the depth of the pit 612 feet ?

In winding with a flat-rope drum each coil of rope is wrapped upon the pre-

ceding coil every revolution that is made, and as the cage is drawn up from the

pit bottom the diameter of the drum constantly increases and attains its maximum
diameter when the cage reaches the surface. Again, as the cage is being lowered,

the effective diameter of the drum constantly decreases and reaches its minimum
when the cage has arrived at the shaft bottom. The increase in the diameter of

the drum, the first revolution will be equal to the rope's thickness (because the

rope in bending on the drum is lengthened on the convex side and shortened on
the concave side equally, the centre of the rope retaining its former length), and
for each successive revolution after the first the increase of the drum's effective

diameter will amount to twice the thickness of the rope.

Let d = depth of pit in inches.

„ t = thickness of rope in inches.

„ x = diameter of drum in inches.

,, n — number of revolutions.
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1

Then the diameter of the drum at the first and succeeding revolutions

will be

—

x -f- t — i st diameter.

x + 3 t — 2nd do.

x + 5 t = 3rd do.

and so on, and at the ;zth revolution the diameter will be represented by x T /

(2 11 — 1). The circumference will therefore be

—

*(x + /) = 1 st revolution.

+ 3/) = 2nd
4- 50 = 3rd

And + t (2 n — i)| = nth ,,

Since this series of terms are in arithmetical progression, their sum may be

obtained in the usual way, and it will be, nv(x + nt) which is equal to the length

of rope wound on the drum, and therefore the depth of the pit. Therefore, d =
nn (x + nf). Or by denoting the depth of the pit in yards by D ,

then

D — n (x + ?it) x *087266,

from which the following formulae are deduced

nt

D — n (x + nt) x *0872

_ ii-45 9I5 D
71

t =
II-459I5 P _ £

n 2
71

\! 11-45915,0/+^"
;/
—

(1)

(2)

(3)

(4)

Now to consider the position of the meeting of cages.

When the engine begins to wind, the drums, being fixed on the same
shaft of the engine, move simultaneously,

thereby causing the one cage to be raised

as the other is lowered. But the descend-
ing cage will pass through a greater space

than the ascending cage in the same time
;

the excess in space travelled by the former

over the latter gradually diminishing until

the engine has made half the number of the

total revolutions for one wind.

The diameters of the two drums will then

be equal and the cages will be alongside each
other or at meetings in the pit. The position

of meetings then must be at a point below
the middle of the shaft, and the distance

of this point below mid-shaft will depend
on the thickness of the rope and the number
of revolutions made. It follows that after

passing each other in the shaft, the ascending cage will move through a greater

space than the descending one in the same time, as the diameter of the drum to

which the ascending cage is attached becomes larger and the drum of the

descending cage becomes smaller in diameter than the mean diameter at

meetings.

In Fig. 469, the diameter of the drum is represented by A B
;
CD representing

Fig. 469.—Flat Rope Drum, showing
Changes in its Diameter.

M M 2
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its diameter at meetings and E F, its diameter when the cage has arrived at the

top of the pit. It will be seen that the area of the annular spaces C A B D, and
E C D F are equivalent respectively to the edge area of the rope wound on the

drum between the bottom of pit and meetings, and that wound off the drum
between the top of pit and meetings, and the difference between these areas will

obviously give the area of that portion of the rope corresponding to the distance

travelled by the descending over the ascending cage, and half this distance will be
the point of meeting below mid-shaft. Adopting the same notation as before for

the different parts, we have E C = C A = B D = D F = — . E F = x + mt
2

and CD — x nt.

Therefore the area ~)

0 f .
. t .

of E C D F j
= 7§ 5 4 {

,x + 2M/) ~ C* + }

= 7854 (2 xnt + 3 n~ /3) (a)

and the area of C A B D = 7854 {(x + »/)2 — x2

= 7854 (2 xnt + n2
/
2
) (b)

Subtracting b from a we get 7854 (2 n2
/
2
)
which is the difference of areas in

square inches, and dividing by t we have 7854 (2 n2t)
y
the difference of the

lengths of rope. Hence, dividing by 2 we get 7854 n2
t, the distance of

meetings below mid-shaft in inches. If this distance be required in yards (say m)
we have

m = 7854 nj_ _ -021816 n^t

Therefore, representing the position of meetings from the top and bottom of

the pit by p> and pp respectively we have

p — — -f *021816 « 2
/. (5)

2

p t
= ~ — *021816 «2

/. (6)

Proceeding now to the question given, first find the number of revolutions of

the engine, and this will be done by the aid of formula (4), thus

n = ^n'459 1 5 x 2Q4 x 75 + (if)2 - ‘f _ iy .

5533 6.

Now apply the data to formula (5), thus p — 4- (’021816 x 1 7*55336® x

•75) = 107*0416 yards or 107*0416 x 3 =321*1248 feet as the distance of point

of meetings from the surface .*. 612 — 321*1248 = 290*8752 feet as the distance

of point of meetings from the bottom of the shaft, or the latter may, if preferred,

be found from formula (6).

Question 154.—A winding-engine draws coals from a pit 150 fathoms deep,

drum 14 feet in diameter at the lift, flat ropes f-inch in thickness, find the

meeting of cages.

In replying to this question, adopt a different method of working from the last, 1

so that those familiar with algebraical expressions and who do not care to carry a

formula in their memories may proceed in this way. The reasoning is similar to

that of the previous method shown and the result obtained the same as would
be got by that method. It is also applicable to solving the “ meeting ” place

when conical drums are used with round ropes.
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Let x = the number of revolutions of the drum in running the cages in the

pit.

And>> = diameter of drum in feet at the last revolution.

Then_y = *125 + 14, because twice the thickness of the rope in feet is

•125.

And x — Sy — 1 12.

$ x 3-141593 = mean circumference of drum = 1*570796y -f 21-991 15
2

which divided into the depth of the pit (in feet) gives the number of revolutions

of the drum.

Therefore x — 900.
r 57°796 _y + 21-99115

substituting for ^ we have

900
8y — 112 =

i‘57°796_F + 21-99115

12-566368y2 — 2,463 = 900
12-566368^2 = 3,363

y% = 267-62

y = 1 6*3 5 9
x = 8(1 6*359) — 1 12 = 18*872

Number of revolutions of drum = 18-872.

Diameter of drum in feet at last revolution = 16-359.

359 _ x 5-
1 795, mean diameter of drum.

1 5

•

1 795 x 3-14159 x 18-872 = 900.

Depth from surface to

meeting of cages

Distance of meetings

from the bottom of pit

x 3* 1 4 1 59 x_ 6-359 + 15-1795

2

= 467-464 feet.

= 77 fathoms, 5 feet, 5*568 inches,

say 77 fathoms, 5 feet, 6 inches.

18*872.

1 5‘ 1 795 + 14 x 3*14159 x
-872

= 432-5 feet.

= 72 fathoms, o feet, 6 inches.

And the accuracy of the result is shown by adding together

fathoms, ft. inches.

77 5 6

And 72 o 6

Depth of pit 1 50

If the formula already given be applied to the working of this question, pre-

cisely the same result will be obtained.

Question 155.—A shaft 34 fathoms deep is worked by a drum 3 feet in

diameter. It is required to find the diameter of another drum which
must be keyed on the same axis to wind from another shaft 2 1 fathoms
deep, flat ropes, 1 inch thick, being used to coil one lap upon the other ?

In considering this question it is obvious that there must first be ascertained

the number of revolutions of the 3-foot diameter drum in drawing the cage up
the 34-fathom shaft, and then as the same number of revolutions must
draw the cage up the 21 -fathom shaft, proceed to find the diameter of drum
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for the shallower shaft, knowing the depth, number of revolutions, and thickness

of rope.

Adopting formula (4) given in answer 153, and using the same values for the

symbols there given, the number of revolutions in the 34-fathom shaft n —

,\f 1

1

'459 1 5 X 68 x I + (35V— f— — — — = 15*21 revolutions. Now use formula

(2) given in Answer 153, to find the diameter of drum for the 21 -fathom shaft, thus

11*45015 x 42 , . ,x =— — 15*21 x 1 = 16*432 inches
15*21

as the diameter of drum required for the 21-fathom shaft.

Question 156.-—A shaft 100 fathoms deep is worked by a drum 12 feet in

diameter. What must the diameter of another drum be which is keyed
to the same axis to wind from another shaft 120 fathoms deep, flat

ropes being used, f of an inch thick, to coil one lap upon the other ?

This may be worked in a similar manner to the previous question, but proceed
to work it algebraically in order to show another method of obtaining the same
result. Dealing with the shaft whose depth and size of drum are known, the

revolutions may be found thus :

—

Let x — the number of revolutions of the drum whilst the cage travels from
the bottom of pit to the top,

and y = diameter of drum in feet at the last revolution.

Then y = *125.3; -f 12, because twice the thickness of rope is *125 foot,

and x = 8y — 96.

y + 12
x 3*141593 = mean circumference of drum = 1*570796^ -f 18*84956,

Therefore

substituting for x we have

8^-

•570796^ -f 18*84956

96 = 600

14*8, which is the

thus
14*8 x 3*14159

To find the diameter at lift.

Let x = the diameter of the drum at lift.

Then half the number of revolutions will increase the drum to its mean
diameter .*. x + (*125 x 7*4) = 15*485, and x = 14*56, which is the diameter

the drum must be for the 120-fathom shaft in feet.

The accuracy of this working may be checked by the formula already given,

when precisely the same result will be arrived at.

which, divided into the depth of the pit (in feet), gives the number of revolutions

of the drum.
600

1 *5 70796^ *+ 18*84956

12*566368y2 — 1,809*55776 = 600
12*566368^3 = 2,409*55776

y2 = 19*75

y = 13*85

x = 8 (13*85) - 96 =
number of revolutions.

The mean diameter of the drum for the 120-fathom shaft will be found by
dividing the depth (in feet) by the number of revolutions multiplied by 3*14159,

20 x 6 = .5-485-
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Question 157.—Suppose an engine-house to be 15 yards from a pit, the

ground (from the engine-house to the pit) rising 2 inches in 6 ;
the

height of drum from the surface is 3 feet, and the perpendicular height of

framing to top of pulley wheel 25 feet: what would be the gradient from

the drum to the pulley wheel ?

To assist the answer refer to Fig. 470.

As the ground rises 2 inches in 6 or
j = 3, 1 in 3, in 45 feet it rises

—
> = 1 5 feet, and as the top of the drum is 3 feet above the level of the ground

15 — 3 = 12 feet as the ground level at the pit above the top of drum. To
this add height of the pulley above the ground, viz., 25 feet, and we get 37 feet,

Therefore there is a vertical height of 37 feet in 45 feet, or ^ = 1 in 1 2 16, or

Question 158.—Explain the meaning of the words outstroke and wayleave

which are frequently found in a mineral lease ?

Outstroke is the privilege of breaking the barrier and working and conveying
underground the coal from an adjoining royalty. Wayleave is a right on pay-

ment of a certain tonnage-rate expressed in the lease to convey coals gotten from
an adjoining royalty to the shaft or elsewhere.

Question 159.—What is the pressure of water standing against a barrier

65 yards long, 4 feet 5J inches high, whose perpendicular height is 45
yards ?

Here 45 x 3 = 135 feet, the height from the bottom of the seam. Then the

mean vertical pressure = 135 — 2*23 = 13277 feet, and 13277 X 62*4 =t

8,284*848 lbs. pressure per square foot of section. Sectional area of barrier =
65 x 3 x 4*46 = 869*7 square feet. Therefore 869*7 x 8,284*848 =
7,205,33 2*3056 lbs., or 3,216*6 tons as the mean pressure of water against the

barrier.

37

Fig. 47-.—Sketch showing Inclination of Winding-rope and Ground at the Pit.
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Question 160.—A bore-hole A finds coal at 50 yards, at B another bore-hole

finds the same seam at 60 yards, B being 500 yards from A in a line

bearing N. 30 E. At C, a third bore-hole proves the same seam at a

depth of 70 yards, C being 500 yards from B in a line S. 30 E. What is

the direction of {a) level course, (b) direction of dip, (e) rate of dip ?

The bearing of C from A must be due east (see Fig. 471), and since A is 50 yards

deep and C 70 yards, a point half-way between them must be 60 yards to the

coal. Therefore, a line connecting that point with B, which is also 60 yards

deep, shows the level course of the seam, and this line is due north and south,

and the dip is therefore due east, at right-angles to the north line. The point

C must also be 500 yards from A, the lines connecting the bore-holes thus

forming an equilateral triangle. As the difference in level of the seam between

the points A and C is 70 — 50 = 20 yards, the dip is 5^5 = 1 in 25.
20

Question 161.—What quantity of water will be discharged from a i|-inch

bore-hole, 5 yards long, under a head of 100 feet of water?

According to Greenwell’s rule we have

—

» = 2
>
837'5 \J~

and gallons per minute = 6*25 v x 7854 </
3

.

where P = Pressure in feet.

d = Diameter of bore-hole in feet.

I = Length of bore-hole in feet.

v — Velocity at point of issue in feet per minute.

v — 2,8377 a

/

IOQ x ‘

I2 5 = 2,590 feet per minute,
V

x 5
and gallons per minute = 6*25 x 2,590 x 7854 x * 1 25

s2 = 1 98*66 gallons per

minute.
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Hawkesley’s formula is

G = \/
.>? DfH

where G = Number of gallons delivered per hour.

D — Diameter of pipe in inches.

H= Head of water in feet.

L — Length of pipe in yards.

G = /y/
( I 5 x 1 5 )— — 10,739 gallons per hour, and

IQ
^39 =179

gallons per minute, showing there is a difference in working out the formulae

given by the two authorities named.

Question 162.—How is the pressure per square inch an air-compressing

engine will produce under the following circumstances, obtained ?

—

2 steam-cylinders, each 30 inches in diameter, 7-foot stroke, pressure of

steam 45 lbs. per square inch, one air-cylinder 36 inches in diameter, and
one twenty inches in diameter.

If the air-compressing pistons have the same length of stroke as that of the

steam-pistons, viz. 7 feet, the pressures per square inch, that will keep the steam

and air pistons in a state of equilibrium, will be inversely proportional to the sum
of the squares of the diameters of the cylinders. Or, expressing the same thing

in another way, the product of the number of square inches on the surface of the

two steam-pistons, multiplied by the pressure of steam per square inch, will equal

the product of the number of square inches on the surface of the two air-pistons

multiplied by the pressure of air per square inch. Let p = the pressure of air

per square inch. Then p x {(36
s
) + (20)

3
}
x 7854 = 303 x 2 x 45 x 7854.

Cancelling 7854 from both sides of the equation we have p x (1,296 + 400) =

45 x 1,800 and p - —1>6 6
-

- = 47759 lbs *

This would keep the pistons in a state of equilibrium, but for motion to take

place the air pressure must be less. Allow 1 lb. per square inch for friction of

each of the four pistons, which will reduce the pressure of air per square inch to

43759 lbs. If the compressed air is conveyed along a system of pipes, the

pressure at the end of such pipes will depend upon their length and diameter,

more particularly the diameter, as on this will depend the velocity of the air, the

friction of which will increase as the square of the velocity.

Question 163.—Describe anthracite, semi-bituminous, bituminous, cannel and
lignite coals.

Anthracite coal is somewhat difficult to describe, on account of its variations

in quality. Anthracite proper is shiny and bright in appearance, and is hard and
brittle. It is difficult to light, but when burning develops great heat, especially

when a strong draught is applied to it. It decrepitates in burning, and this

property is believed to be due to the presence of water between the fibres of the

coal
;

this water being heated is converted into steam, thus splitting up the coal.

No smoke is emitted from its combustion. It does not soil the fingers on being
handled, and is further distinguished by its high specific gravity and large pro-

portion of carbon (from 90 to 95 per cent.), whilst it has a low percentage of

sulphur and ash.

Anthracite is sometimes called “ stone coal in Scotland “ blind coal,” and
in Ireland it is known as “ Kilkenny coal.” The deposits in Ireland and Scot-
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land are limited and poor in quality, but those of South Wales are largely

developed.

The term bituminous as applied to coal is somewhat deceptive, because bitumen
is soluble in alcohol, but coal is not, and does not contain any real bitumen. By
bituminous coal it is understood that oxygen, hydrogen, and nitrogen enter more
largely into its composition than in anthracite and give it a more flaming character

in burning. The semi-bituminous coal occurs next above the anthracite in geo-
logical order, and has a larger proportion of volatile matters than anthracite,

burns with more flame, and evolves smoke though not in large volumes. In

colour it is dull-black. It does not cake together in burning, and is therefore

called free-burning and steam-coal. The bituminous coal occurs above the semi-

bituminous and contains a larger proportion of volatile matters. The bituminous
coal includes several varieties of different degrees of richness in volatile matters,

and it is usual to divide them into three classes,—the clear-burning, the flaming

or caking, and the fuliginous, the clear-burning being the poorest and the fuli-

ginous the richest in volatile matters. The coke made from the clear-burning

is superior to that produced by any of the more bituminous varieties, but coke
is made from all the bituminous coals. The flaming or caking coals are valued

as household coals according to their freedom from ash.

Cannel coal is very similar in appearance to jet, but the latter is somewhat
lighter than cannel and contains less foreign earthy matter. It may be recog-

nised by its appearance, being of a dull black colour
;

it is opaque, compact,
and brittle, breaking with a smooth conchoidal or shell-like fracture. It is very

rich in gas, ignites readily, and burns with a bright flame like that of a candle.

It scarcely soils the fingers when touched, and gives off very little smoke in

burning. It frequently contains the teeth and scales of fishes. The cannel

varieties of coal are generally considered to represent an intermediate stage of

the change in chemical composition, which has resulted in the conversion of

lignite into bituminous coal and are hence usually found to occupy a correspond-

ing position in the coal strata. Varieties occur chiefly in Yorkshire, Lancashire-

North Wales, and in the Lanarkshire, Mid Lothian, Fife, and Ayrshire coal,

fields. Some of these varieties decrepitate and crack loudly on the fire. It is

largely used for gas-making.
Lignite or brown coal is formed of a mass of vegetable matter, some varieties

presenting the appearance of undecomposed wood. Its colour is from brown to

pitch black, its lustre sometimes resinous, sometimes dull. It burns easily and
gives a smoky flame and unpleasant odour. It has a much larger proportion of

oxygen than the bituminous coals, and a large amount of water is generally

present.

Brown coal is not found in the strata of the true carboniferous system, but in

the Tertiary, Cretaceous, and Oolitic rocks. It is in fact the name given to all

coals which occur in formations more recent than the Carboniferous period.

Question 164.—What is a dynamometer? Sketch and describe it, and

explain the method of its application for ascertaining the power given out

by a prime mover. The power of a portable engine is tested by passing

a strap or belt over the fly-wheel, which is 6 feet in diameter
;
one end of

the belt is secured to a spring balance, and a weight of 200 lbs. hangs on

the other end. What is the horse-power of the engine when the balance

registers a tension of 100 lbs., and the fly-wheel makes 220 revolutions per

minute ?

A dynamometer is a measurer of power.

It is often of great importance to know the amount of work done by a prime

mover over and above that which is required to overcome the friction of its parts.

The dynamometer is employed for this purpose.
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In the case of a steam-engine, by means of the indicator, the total amount of

work performed is ascertained, and if that shown by the dynamometer be
deducted from the total indicated work, the balance represents the amount of

work absorbed by friction among the moving parts of the engine itself.

Fig. 472 shows a common form of dynamometer as applied to the steam-

engine.

It consists of a friction-brake, A, loaded at one end by weights, B, to a known
amount.
At the other end of the lever a steel band, C, is fixed. This band may be

tightened or slackened by means of the nut D working on the screw attached to

the end of the band. The appliance is placed on some attachment to the main
shaft, such as the fly-wheel of the engine to be tested, or a pulley. This is done
by placing blocks of wood, E E, between the lever and the engine-pulley, F, and
also between the steel band and engine-pulley. After the engine is started, the

nut D is turned until the blocks E E bear upon the engine-pulley F with

sufficient force to cause such friction between the blocks and the periphery of the

wheel that the weighted lever will be lifted and float between the stops G G.
The purpose of the stops, which are securely fixed, is to prevent the weighted

a

lever from being carried round with the wheel, or dropped down in the other

direction. In adjusting the weights B, they must be varied, until the flotation of

the lever is accurately effected. When the blocks, lever, and weights are thus

supported by the revolving engine-pulley, it is considered that at any and every

instant of the period of flotation, they are in one with that pulley, and are being

turned about its centre.

If, now, the weight of the whole appliance and the position of its centre of

gravity be known, there is, in effect, a weight which is being continuously lifted

by the arm of an imaginary wheel, whose radius is the distance (measured per-

pendicular to the line of pull of gravity) of the centre of gravity of the apparatus

from the centre of the main shaft. The work done by the engine in H. P. =
Weight of whole apparatus x circum. of imaginary wheel x revs. p. min.

32,ooo

Referring to the second part of the question, the weight being 200 lbs., we
have 200 — 100 shown on the balance = 100 lbs., the downward pull, which is

balanced by the revolving fly-wheel. The work done then is

IOO X 6 X VI4l6 X 220 S, TT T-\^— = 12*5664 H. P.

33,000
Another form of dynamometer is often used on underground engine planes.

It may be used on the empty or on the full tramway, on the main, or on any
branch road. Used in this way it indicates the tractive power required to work
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either the main road, or branch roads, separately, or together. The readings are

usually noted at different points on the plane. The dynamometer is attached to

the chain or rope for the purpose of making the observations.

Question 165.—What are the most important elements which enter largely

into the major portion of the rock masses to which we have access ?

The most important elements are :—Aluminum, calcium, carbon, oxygen, and
silicon.

Question 166.—What is the difference between a mineral and a rock?

A mineral is composed of a single element, or a compound of two or more
elements occurring native. A rock is a mixture of minerals.

Question 167.—Write down in order a scale of hardness of “rock masses,”

taking Talc as 1.

Beginning with the softest, 1, Talc; 2, Gypsum; 3, Calc spar; 4, Fluor
spar; 5, Apatite spar; 6, Felspar; 7, Quartz; 8, Topaz; 9, Corundum; 10,

Diamond.

Question 168.—With what other minerals is coal usually associated?

Coal is usually associated with beds and nodules of ironstone, sandstone,

gannister or fire-clay, iron pyrites, &c.

Question 169.—In what rock formations are the following minerals found in

the British Isles ?

(1) Coal beds; (2) Salt; (3) Lead
; (4) Iron.

The principal formations are (1) Carboniferous beds; (2) Trias beds; (3)
Carboniferous limestone and Silurian schists

; (4) Lias, carboniferous and Silurian

beds. Inferior coals are found in several formations, but these coals are not of

a true order of beds, as the carbon period.

Question 170.—What are beds and veins of minerals, and how do they

differ ?

Veins are fissures in the earth’s crust carrying metallic ores
;
beds are layers of

mineral matter lying conformable to the stratification.

Question 171.—Explain the difference of a vein, a “ true fissure” vein, and a

lode.

An ordinary vein is a fracture or fissure containing metallic ores; a true fissure

vein is a vertical mass of metallic ores, of indefinite depth and longitudinal

extension, but of a definite thickness
;
and a lode is a wall of mixed minerals

enclosed in a fissure dipping at angles between the vertical and 70°, intersecting

the successive rock masses with which it comes in contact.
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REPORT OF THE ROYAL COMMISSION ON
ACCIDENTS IN MINES.

In concluding their Final Report (dated 15th March, 1886), Her Majesty's

Commissioners appointed to inquire into Accidents in Mines gave a Summary of

the most important subjects which had been dealt with in their several Reports,

and of the chief conclusions and recommendations which they had adopted.

The Commissioners were the late Sir Warington W. Smyth (Chairman)

;

the Earl of Crawford and Balcarres
;

Sir George Elliot, Bart., M.P.
;

Sir

Frederick Abel, F.R.S.
;
Professor Tyndall, F.R.S.

;
Mr. Thomas Burt, M.P.

;

Professor R. B. Clifton
;

Sir W. T. Lewis
;
and Mr. Lindsay Wood, M.P.

The Commissioners’ Summary is as follows :

—

Ventilation.

Volumes of air sufficient for the ventilation of even the most extensive collieries

are capable of being passed through the workings by means of properly con-

structed furnaces, or by mechanical contrivances, such as are already in action at

most of the collieries.

At a large number of collieries the sectional area of the intake and return-air-

courses may be increased with advantage.

Where furnaces are used, they should by preference be in connexion with dry
and deep shafts, and should be provided with dumb drifts.

Where mechanical contrivances are employed, they should be in such positions

and placed under such conditions as will tend to insure their being uninjured by
an explosion, and, if they are not provided altogether in duplicate, there should
be at least an engine in reserve.

The improved system of ventilation by “ splits ’’and the shortening of the air-

courses, as practised in the larger collieries, is a subject of great importance, and
we recommend that more general attention should be given to it.

It would conduce greatly to safety if the system of carrying the intake air

through two parallel drifts, of which one may be used as the travelling road,

were introduced into workings likely to become extensive, and where mechanical
haulage is intended to be employed.

Fall of Roof and Sides.

That the casualties due to falls of the roof and sides are much more numerous
than those due to any other causes is demonstrated by the tabular statement given

at the commencement of this report. It is essential that all the officials and
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workmen in mines should pay special attention to the careful propping of the
working places and travelling roads.

In the North of England the system of trusting mainly to officials (deputies)

for the timbering, is found to answer well
;

in South Wales and other districts,

where the roof, face and sides are more liable to falls, the system of the men
timbering their own working places has been found to be best.

We are of opinion, however, that in all cases the security of the working
places should be examined into by over-lookers once at least in the course of

each shift.

Supervision has been greatly enlarged in the last 35 years, and we find that

there is generally one official so employed to about 20 men, sometimes one even
to 11 or 12 men.

In order to reduce the number of casualties from falls, we recommend the

observance of the following :

—

A. The maintenance of ample supplies of timber in localities convenient to

the workmen.
B. The proper training of each miner to the best modes of timbering and of

otherwise protecting his working place.

C. The exercise of increased care on the part of the workmen in watching the

roof, sides and face, and protecting themselves in time.

D. The introduction, as far as possible, of arrangements with the workmen,
which will make it their interest not to avoid the labour of putting up
the necessary timber, cog walls, buildings, or cogs for their proper
protection.

E. The employment of special timbermen or deputies for the timbering of

main-ways and also for the repairing as well as drawing of timber.

F. Preventing timber being left in the goaf of long wall workings, which
would have the effect of breaking the roof.

G. Driving the working places as rapidly as possible by shifts of an ample
number of workmen in each face, and so reducing the risk of falls and
exposing the least number of men to danger at any one time.

Miscellaneous Accide?its.

We are of opinion that by improved discipline and the exercise of greater care

by those employed in or travelling through engine planes and other roadways, the

number of casualties comprised under the head of “ miscellaneous accidents/’

would be considerably diminished. The practice in some collieries in South
Wales of boys running in front of the horses and trams should be prohibited.

The very numerous casualties under the heads of “ falls of roof and sides
”

and “ miscellaneous accidents,” are due in great part either to carelessness or

want of early training. Looking to the importance of practical training and of

encouraging boys to enter the mines at the ages specified by the Mines Regulation

Act, we are of opinion that careful consideration should be given to this point in

connexion with the administration of the Elementary Education Act.

Firedamp.

We think that the experiments we have made on the pressure of fire-damp in

plugged bore holes, in coal, a pressure sometimes amounting to upwards of

400 pounds on the square inch, have thrown much light upon the occurrence of

sudden outbursts of gas. The boring of holes upward or downward has been
successfully tried as a means of avoiding such outbursts, and we have little doubt



RETORT ON ACCIDENTS IN MINES. 543

that the closer attention which is now paid to thorough stowing and packing or

building in the workings will contribute greatly to the same end.

It is almost impossible to account for many of the accidents which have
occurred in well managed mines, some of which have originated in the main-

intake airways, except upon the supposition that gas has suddenly invaded the

workings from the adjacent strata. Sudden outbursts of large quantities of gas,

accompanied by violent disruption of the floor, roof, or coal, are fortunately rare,

but smaller incursions of gas, accompanied by falls of roof, or even without any
apparent displacement of ground, are comparatively frequent.

We are of opinion that in working fiery seams at great depths such abnormal
discharges of gas must occasionally occur, yet that they may be successfully met
by ample ventilation, good discipline and efficient lamps.

While we recognise that variations of atmospheric pressure exert an influence

on the escape of gases which have accumulated in cavities, and possibly to a

slight extent on that of gases emitted directly from the coal, we entertain great

doubt as to the wisdom of placing reliance on the issue of meteorological

warnings. These can at best only convey very imperfect information, which,

moreover, may be sometimes dangerously misleading. We are of opinion that

safety would be much more likely to be ensured by unceasing vigilance on the part

of the officials and workmen in the mine than by any attention to such warnings.

Coal Dust and its Relation to Explosions.

The action and effects of coal-dust in connexion with mine explosions have
been made the subject of careful study and comprehensive experiment by
numerous workers since attention was first drawn, about 42 years ago, by Fara-

day and Lyell, to the functions exercised by coal-dust in “ aggravating and
extending the injurious effects of fire-damp explosions. ” The results and con-
clusions which have been arrived at in this direction, and to which the labours of

your Commissioners have contributed, are sufficiently complete and definite to

warrant the following authoritative statements :

—

The disastrous effects of fire-damp explosions in coal-mines are almost always

aggravated and extended by the existence of coal-dust in dry mine-workings and
roadways.

A gas explosion in a dry mine, even if only of comparatively trifling nature,

will raise and inflame coal-dust existing at the seat of the explosion or in the

vicinity; the flame attending the explosion will be thereby increased and carried

to more or less considerable distances, and may thus become communicated to

any accumulations of explosive gas-mixture which may exist in goaves or other

lurking-places at a distance from the seat of the original gas explosion.

The firing of an explosive in a shot-hole of a strength which is in excess of

the power applied, or which has not been sufficiently tamped, will result in the

almost complete projection of the highly heated products of explosion and of a
more or less considerable body of flame from the mouth of the hole, as from the

bore of a gun
;

it thus produces what is known as a blown-out shot. And further,

if the charge of explosive is decidedly greater than that necessary to perform the

desired work in the coal or stone where it is applied, a more or less considerable

projection of highly heated products of explosion will also take place, and effects

similar to those of a blown-out shot will be produced.
The production of a blown-out powder shot in a mine working, in the entire

absence of coal-dust, or in a wet mine is not attended by the projection of flame
to a very considerable distance, but the flame thus projected is much increased
in volume if, as is frequently the practice, dry or slightly damp small coal has
been used as stemming for the shot.
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If a blown-out powder-shot be produced in a dry locality where coal-dust

exists in more or less abundance, the flame, projected by the shot, is sure to be
considerably increased and extended by the ignition of portions of the dust-cloud
which is raised by the rush of air occasioned by the firing of the shot. A result

of this nature will be produced even if the air in the vicinity of the blown-out
shot is entirely free from fire-damp.

Unless the coal-dust which exists in the immediate vicinity of a blown-out
powder-shot is dry, very finely-divided and of a very highly inflammable
character, the propagation of flame from the shot by the raised dust will only
take place to a comparatively limited extent if the atmosphere in which the dust

is raised be entirely free from fire-damp.

It is, however, well established that even when the air is quite free from fire-

damp, an exceptionally inflammable coal-dust, in a very finely-divided and dry
condition, and existing in abundance in the immediate vicinity of a blown-
out shot, may, when raised by the shot, be ignited so readily, and carry on the

flame so rapidly, that it may produce explosive effects of a similar character to

those caused by a gas explosion. The flame as it rushes along, if fed by freshly

raised dust, may extend under these circumstances to very considerable distances,

with results resembling in their disastrous nature, those of explosions originating

with, and mainly due to, fire-damp.

If a blown-out powder-shot occurs in a locality where the atmosphere contains

a small proportion of fire-damp (even not above two parts in ioo of the air), the

presence of dry, fine, and porous dust, even if it be only comparatively slightly

inflammable, may give rise to the explosive propagation of flame to distant

localities where either accumulations of inflammable or explosive gas-mixture

(as in goaves or old working places), or deposits of very inflammable dust, may
take up the explosion and still further extend its disastrous effects.

Wherever a coal is worked which contains inflammable gas, the atmosphere in

the vicinity of the workings, however efficient the ventilating arrangements, will

at one time or another, and it may even be said generally, contain some small

proportion of fire-damp.

Mines have hitherto been considered free from fire-damp when the search for

gas by means of a lamp flame has been unattended by the appearance of a cap

upon the flame or by an elongation of the flame. This test, however, fails to

indicate the presence of fire-damp, if the atmosphere contains less than from 2

to 2*5 per cent, of its volume of marsh gas.

Such a slight contamination of the atmosphere by fire-damp is not only

sufficient to greatly enhance the dangers due to the existence of dust in any

abundance in a dry mine-working, as already described, but is also sufficient

actually to give rise to the production of an explosive mixture with dust raised in

it by a blown-out shot.

Small proportions of gas, such as are referred to, when existing in the

atmosphere of a mine, can now be detected, by more delicate gas-indicators

than a lamp flame
;
but, while a knowledge is thus afforded of the presence of

gas, it remains impracticable to prevent such slight contamination by fire-damp

of the air of a mine near the working places.

Shot Firing.

It will be seen from the foregoing that such contamination, although quite

insufficient to constitute in itself a source of danger, does become dangerous if

dust co-exists with it, in abundance, in dry mine-workings, if powder-shots are

fired in such workings.

No means are at present known by which security can be attained against



REPORT ON ACCIDENTS IN MINES. 545

blown-out shots during blasting in hard coal or in stone, and the use of pawder
in coal is sometimes attended by the emission of flame, even when blown-out
shots are not produced.

It follows from the foregoing that the firing of powder-shots in a dry mine^
working where dust exists in abundance must always be liable to be attended
with disastrous results if the air in such a locality is contaminated by fire-damp,

even to so small an extent as in the proportion of 2 volumes in 100 volumes of

the air of the mine.

The constant removal of accumulating dust from the workings in dry mines,
to such an extent as to guard against the raising of any considerable quantity of

dust where shots are fired, could scarcely be so thoroughly carried out, in any
but very exceptional cases, as to constitute by itself an effectual precaution.

The application of water to the laying of dust in roadways has been applied

here and there with some amount of success, but the effective adoption of such
a measure in or near the working places is in some instances attended with

practical difficulties.

Unless very copious watering be resorted to, it would be ineffectual in guarding
against the dangers arising from the firing of powder-shots in dry and dusty

workings where the air may contain some small proportion of fire-damp. The
employment of hygroscopic or deliquescent salts in conjunction with water has

not been found a trustworthy means of maintaining dust in a safely moist

condition.

The dangers which attend the firing of powder-shots in dry mine-workings
where dust exists in abundance, and where the air may contain even only a small

proportion of fire-damp, can not therefore, with our existing knowledge, be
effectually guarded against, except by combining the removal of dust as far as

practicable with very copious watering.

The obvious inference to be drawn from the foregoing is that a due regard for

the safety of those employed in mines, where the conditions above indicated

prevail
,
precludes the use of powder, unless the precautions just specijied are

effectually applied.

Means of Safely Working without Poivder.

The results of extensive practical experiments, carried out by ourselves and by
others, have demonstrated that the abolition of the use of powder, where the condi-

tions above indicated prevail, will not generally involve any formidable inconveni-

ence, because the work which is accomplished by its employment, both in coal

and in stone, can now be performed with equal efficiency and at very little, if any,

greater outlay, by one or other of the following available alternative means :

—

(a.) In some coal-seams the lime-cartridge will perform work quite equal to

that accomplished with powder, at no greater cost, and with absolute

immunity from risk of explosions.

(b.) Mechanical appliances exist which will do efficient work, not only in some
kinds of coal, but also in some stone or shale over- or under-lying coal.

(c.) The so-called “ high
”
or violent explosive agents, which are represented

by dynamite or gelatine-dynamite, and by gun-cotton or tonite, can now
be applied, not only for working economically in stone or shale, but also

for coal-getting, by using them in conjunction with water, according to

one or other of the methods described in this Report.

The “ high ” explosives may be used, as indicated in c, with security against

the ignition of coal-dust, thickly suspended in air, by a blown-out shot or by the

effects of an over-charged hole, even when the air contains some small proportion

of fire-damp.

One very simple method of using the “high” explosives in conjunction with

C.M.H. N N
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water, included in c, which may be supplemented by the use of ordinary tamp-
ing for securing the best working results, has, so far as several severe tests have
shown, afforded a complete safeguard even against the ignition of an explosive

mixture of fire-damp and air by a blown-out shot.

Therefore, in dry mine workings, where the removal of dust combined wilh

copious watering cannot be carried out, and where neither of the alternative

methods, a and b, of working in coal or stone can be advantageously substituted

for blasting by means of powder, in localities where fire-damp is liable to have
access to the mine-workings, shot-firing"may be safely carried on, provided that

any one of the “high” or violent explosives is employed, in one or other of the

modes described, in substitution for powder.

But the methods of operation which furnish effective safeguards when applied

in conjunction with the “high” explosives, fail to furnish such safeguard when
applied in the same way, together with powder.

Unless, therefore, effective measures be adopted for the removal of dust, as

completely as practicable, in the vicinity of the place where the shot is to be fired,

such removal being followed by copious watering, the employment of powder, or

of any explosive preparation of a similar nature to powder, should be prohibited

in dry coal-mines wrhere fire-damp may pervade the air, and where at the same
time coal-dust accumulations are unavoidable.

Precautions to be Observed with Blasting.

With the view of promoting security from accidents under circumstances where
blasting may be practised in coal-mines, we would recommend that the following

instructions be observed :

—

1. That all work involving blasting in mines should be entrusted only to

experienced workmen.
2. That in order to lessen the risk from blown-out shots, particular care should

be taken that each shot should be assisted by und jr-cutting and nicking

or shearing whenever it is practicable.

3. That the tamping, stemming, or ramming should consist of very damp or

non-inflammable material.

4. That where strong tamping is needed, the compression of air at the bottom
of the hole should be avoided by pushing in the first part of the tamping
in small portions.

5. That where safety lamps are used, and powder is employed, the shots should

be fired only by specially appointed shot-men, who before firing the shots

shall satisfy themselves that the foregoing instructions are observed, and
shall also satisfy themselves, by carefully examining all accessible con-

tiguous places within a radius of 20 yards of the shots to be fired, that

fire-damp does not exist to a dangerous extent.

Precautions in Firing Shots.

The employment of the ordinary miner’s fuze, which, when burning, is liable

to allow fire to escape from its extremity or laterally into the atmosphere, should

not be permitted in any mine-workings where the exigencies of safety dictate the

exclusion of powder and the substitution, for it, of one or other of the “high”
explosives in conjunction with water.

Similarly, no description of mining fuze, however safe in itself, should be allowed

to be ignited in such localities, by means either of a lamp-flame, or of a wire

which has been made red-hot by inserting it into the gauze of a safety-lamp, or

by means of any other source of fire, which when applied to the lighting of the

fuze, must come into contact with the atmosphere of the mine.
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Use of Electricity for Firing.

Electrical exploding appliances present very important advantages from the

point of view of safety, over any kind of fuze which has to be ignited by the

application of flame to its exposed extremity, as the firing of shots by their

means is not only accomplished out of contact with air, but is also under most
complete control up to the moment of firing. Their simplicity and certainty of

action have been much increased of late years, while their cost has been greatly

reduced, and but little instruction is now needed to ensure their efficient employ-
ment by persons of average intelligence.

For the foregoing reasons the use of electrical arrangements for firing shots in

mines, where the employment of powder for blasting is inadmissible, should be
encouraged as much as possible.

Where the regular use of electrical exploding appliances is attended with

serious difficulties, as in wet mines, a special form of miner’s fuze now procurable
at a cost very slightly, if at all, greater than that of the ordinary miner’s fuze,

and exempt from the defect of a possible lateral escape of fire, should be em-
ployed, but it should be used only in conjunction with a special self-contained

igniting arrangement. Such an appliance should be constructed to fit over the

entire exposed end of the fuze in a shot-hole, and to ignite the fuze out of contact

with air, and after the lapse of a definite interval (i.e. 5 minutes), from the time
when it has been set into action by the person in charge of the shot-firing.

Simple, cheap, and efficient forms of “ igniter ” have been devised, which fulfil

these conditions.

Safety Lamps and Open Lights.

It has been shown that mines which have hitherto been considered free from
fire-damp may have the air which passes through them vitiated to an extent

corresponding to about 2 per cent, of its volume of marsh gas. The air in many
such mines may probably never be entirely free from explosive gas, at all events

in the neighbourhood of freshly cut faces of coal and in the return air-ways.

It has been demonstrated in our experiments that when the atmosphere con-

tains 5 to 5
‘5 per cent, of marsh gas it becomes highly explosive. We have even

obtained explosions which, though less violent, might be nevertheless destructive

of life if they occurred on the large scale possible in a mine, when the air

contained only 4 per cent, of marsh gas.

It will thus be seen that air which would appear free from gas if tested in the

ordinary way, may become by the addition of only about 2 per cent, of marsh
gas, capable of propagating flame and causing destruction, while the addition of

about 3 per cent, converts it into a highly explosive mixture.

As we have already pointed out, air which would appear quite free from gas if

examined by a lamp-flame may become explosive when laden with fine, dry

coal dust.

It has been stated that appliances now exist by which very small proportions

of marsh gas in air may be readily detected, and which can be used for examin-
ing the atmosphere of a mine. With Liveing’s indicator, gas present in the air

can be estimated with sufficient accuracy for all practical purposes, even when
the proportion is as low as 0*25 per cent. Maurice’s indicator is also capable of

giving accurate measures of the proportion of gas, and is very portable, but the

time required in taking an observation with the instrument in its present form
seems to preclude its practical application.

The natural inference from the foregoing is that some mines hitherto considered
safe with naked lights may at times be in peril.

N N 2
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It may be that risks of explosion, arising out of the possibility of an unfore-

seen contamination of the air by fire-damp to a dangerous extent in parts of the

working of some coal mines, can only be provided against by the invariable use

of safety-lamps. We have not, however, considered it advisable to make a

suggestion of this nature, because the great preponderance of casualties due to

falls of stone and coal, over those arising from explosions, points to the import-

ance of miners having the advantage of the superior illumination afforded by
naked lights in comparison with even the best forms of safety-lamp, when the

circumstances of the mine, in regard to association of fire-damp and coal dust,

do not necessitate the use of safety-lamps.

Inspection with Gas Indicators .

We have therefore arrived at the following conclusions :

—

1. That it is most important that all mines should be carefully examined by
means of indicators capable of detecting as small a proportion as i per cent, of

gas
;
such examination to be made before the commencement of each day-shift,

and, in case of an interval, also before the succeeding shift.

2. That in all dry mines where the air may be laden with coal dust, and where
fire-damp is either known to be given off from the strata or may from experience

be reasonably suspected to exist, the Secretary of State may require safety-lamps

to be used, unless the owners and workmen of such mines prove, to the satis-

faction of a court of arbitration to be appointed by the respective parties, that

less liability to accident, generally, will be involved by the working of the mine
with open lights than by the use of safety-lamps. It should be a special instruc-

tion to such court that the circumstances of each mine be taken into consideration

with reference to the following points :

{a.) The mode of working.
(ib .) The nature of the coal seams and of the roofs and floors of the seams

and of the adjacent strata.

(c.) The proximity of the seams to each other.

(d. ) The emission of gas from the seam, and the liability to blowers or

outbursts of gas from the coal, roof, or floor.

(
e.) The order of working the seams of coal.

Mixed Lights.

For the system which prevails in some places of working with mixed lights,

that is, with open lights and safety-lamps intermixed in the same set of workings,
there is no justification, and this practice should be strictly prohibited.

We are of opinion that, in mines where safety-lamps are required, the position

of lamp stations, or places where open lights are allowed, in reference to the

possibility of access of vitiated air, should receive much more attention than at

present. It is desirable that, at convenient places near the working faces, reserves

of lighted and locked lamps be kept available for exchange with thos'i extinguished

in the workings.

Safety Lamps .

It has long been known that if the atmosphere become inflammable the Davy
and Clanny lamps, and in a less degree the Stephenson lamp, are unsafe in

currents having velocities much below those encountered in well ventilated mines.
Our experiments fully confirm this. The ordinary Davy lamp becomes unsafe
before a velocity of 4C0 feet per minute is attained. The ordinary Clanny lamp
will almost certainly cause an explosion in a current having a velocity of 600
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feet per minute. A Stephenson lamp will frequently cause an explosion in a

current with a velocity of 800 feet per minute.

From the information supplied to us by your Majesty's Inspectors of Mines
and others, currents having velocities of more than 400 feet per minute are now
frequently found in working places. The currents sweeping long wall faces have

very often higher velocities, in main air-ways current-velocities approaching 2,000

feet per minute are recorded, and considerably higher velocities are encountered

at regulators and in narrow places or when large falls occur.

It is thus obvious that, in the present improved ventilation of collieries, ordi-

nary Davy and Clanny lamps have ceased to afford protection from explosion,

and that the Stephenson lamp, though more secure than the two former, cannot

be relied upon.

We felt it our duty at an early stage of our investigation to draw the attention

of the Secretary of State to the danger attending the use of ordinary Davy and
Clanny lamps, and our subsequent experiments have made this danger still more
conspicuous. We have no hesitation in stating that these lamps should be pro-

hibited, unless they are enclosed in cases capable of effectually preventing the

gauze from being exposed to the full force of the current of air.

Many lamps now exist which are able to resist, in highly explosive atmospheres,

current velocities up to and even exceeding 3,000 feet per minute, at all events

for several minutes. Ample time is thus obtained for bringing into operation a
“ shut-off ” appliance for the extinction of flame produced both by the illuminant

or by ignited gas within the lamp.

We consider that all safety-lamps should be provided with such an appliance.

Lamps which have given the Best Results.

Four lamps seem to US deserving of special attention, as combining a high

degree of security with a fair illuminating power and simplicity of construction.

They are Gray’s lamp, Marsaut’s lamp, the bonneted Mueseler lamp, and Evan
Thomas’s modification of the bonneted Clanny lamp, described as No. 7 in our

Report. In our experiments the last lamp has given upon the whole the best

results.

It will be seen, however, from our experiments that many other lamps exist

which are simple in construction, and almost, if not quite, as safe as the above.

They generally, however, yield an inferior light in consequence of the flame

being surrounded by gauze, but from this method of construction they derive the

advantage of not being entirely dependent on glass for their security.

Only Authorised Lamps should he Used.

To make a particular lamp compulsory would be unwise, as calculated to

throw difficulties in the way of introducing improvements which will no doubt
arise in the future, but we think it desirable that some control should be exercised

in reference to the descriptions of lamps employed in coal mines, and that only

those lamps should be used which are authorised from time to time by the

Secretary of State.

A lamp may be of the safest pattern and yet small defects in the fitting of its

parts may entirely deprive it of its power of affording protection. In preparing

a large number of lamps for use in a mine it may happen, even with the greatest

care on the part of the lamp-men, that a lamp in an imperfect condition may be
allowed to pass. The detection of these imperfections by simple inspection is in

many cases almost impossible, and we are convinced that the only way of avoid-

ing the introduction into a mine of a dangerously imperfect lamp is to test every
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lamp in an explosive mixture of air and some inflammable gas before it is

allowed to descend the shaft.

Though we have good reason to believe that the practice of surreptitiously

opening safety-lamps in the workings is much less prevalent than formerly, it is

still necessary that such lamps should be locked. We have examined many appli-

ances for this purpose, and we consider that the plan of fastening the oil vessel

to the other part of the lamp by a riveted lead plug, impressed at each end with

marks or letters varied from time to time is the simplest, the most efficient, and
the one most likely to lead to the detection of any attempt to tamper with the

lock.

The power and uniformity of illumination given by a lamp can be notably

improved by using, as the illuminant, vegetable or animal oil mixed with

about one-half of its volume of a petroleum oil of safe flashing point.

Danger of Volatile Illuminants .

The use of petroleum spirit or benzene as the illuminant in safety-lamps,

instead of vegetable or animal oil, is attended with some advantages, but it is also

liable to introduce new sources of danger. Special care is needed in the filling

and trimming of lamps, and in the arrangement of lamp-rooms, to avoid the

ignition of the highly explosive mixture formed by air with the vapour arising

from this spirit.

The selling of petroleum spirit, or of spirit of similar character as to volatility,

under designations which are calculated to mislead in regard to the nature of

the illuminant, is a proceeding fraught with danger, unless all vessels containing

such illuminants bear a prominent label, indicating the dangerous nature of their

contents.

Stringent regulations as to the conditions under which illuminants of this class

are to be used and stored, are absolutely necessary.

Electric Lighting.

The advantages in point of convenience and efficiency which attend the

employment of electric glow-lamps for illuminating the pit’s bottom, and road-

ways immediately adjacent to it, have already been demonstrated at several

collieries, where this utilisation of the electric light has been combined with

illumination at the surface by arc-lights.

In applying electric glow-lamps to underground illumination, to the extent

indicated, through the medium of conducting cables leading from the generators

to the pit bottom, it is essential to safety, as well as to the permanent efficiency

of the installation, that the cables should be placed in positions where they are

thoroughly protected against possible accidental injury. It is also essential, in

all mines where fire-damp has been known to occur, that the glow-lamps should
be excluded from direct contact with the air of the mine, in one or other of the

ways indicated in this Report.

Portable, self-contained electric lamps have been devised, which will furnish,

for several successive hours, a light considerably superior to that of the best

safety-lamps, and which at the expiration of eight hours and upwards will still

give a light fully equal to that of a freshly lighted Davy lamp. These lamps are

perfectly safe, but, as they do not afford any indication of the condition of the

atmosphere in a mine, their employment, even if special fire-damp detectors are

used, cannot in any case entirely dispense with the necessity for the use of some
safety-lamps.

For exploring purposes after accidents, or in foul places, these lamps must
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prove very valuable even in the present condition of their development, and as

auxiliary lights they cannot fail to prove very useful. The great progress which

has recently been made in the construction of portable electric lamps affords

promise of a speedy utilisation of such lamps to an important extent in coal

mines.

Over-winding.

Whilst we think that the safety-hooks at present available may have contributed

to prevent fatalities from over-winding, we believe that the best appliance for the

purpose is an automatic steam brake attached to the winding-gear, and we think
:

t desirable that such brake should be introduced where practicable.

Measures for Dealing with Casualties.

We consider that measures should be adopted to deal more systematically, and
if possible more expeditiously, with casualties resulting from the various sources

of accidents dealt with in this Report.

Collieries or mines should be required to provide an ambulance and stretchers

for the purpose of conveying to their homes sufferers from injuries received while

in the discharge of their duties.

Arrangements should be made for the establishment of centres in mining
districts, where additional appliances for succour and relief, and also special

appliances for exploring purposes, should be maintained in an efficient condition,

so as to be ready for use at the shortest notice.

It is most desirable that facilities should be afforded for the instruction of men
in the use of special auxiliary appliances for exploring purposes, and in simple

measures connected with the provisional treatment of injuries.

Systematic Inspection by Workmen.

We attach great importance to the systematic inspection of each mine by the

workmen, as provided for in General Rule 30 of the Coal Mines’ Regulation
Act, 1872, and we recommend that this provision should be generally and
regularly acted upon.

Concluding Observations,

In submitting to your Majesty the results of our inquiries and experimental
work, and the conclusions to which they have led us, we desire to express our
regret at the unavoidable delay which has occurred in the presentation of our
Report. This delay has been due to the wide range of important and very

extensive subjects included in the reference to us, and to the great difficulties

we have experienced in bringing to a close the experimental work upon which
we have been engaged, almost continuously, since we first entered upon the

inquiry entrusted to us.

These difficulties have arisen in part out of the constant succession of inven-
tions and suggestions submitted to us in connexion with the questions under
investigation, many of which demanded careful consideration and necessitated

the institution of fresh experiments. They have also been in part due to the
circumstance that, as our investigations progressed, the results obtained opened
up new fields into which it was necessary to extend our inquiries.

* In bringing our labours to a termination, we feel very strongly that many of

the subjects with which we have dealt need much further elucidation by per
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severance in experimental research of the kind which we have pursued. We are

convinced that, if the work which we are relinquishing were continued, the know-
ledge of the conditions to be fulfilled for securing safety from preventive disasters,

and the development of resources and appliances calculated to promote the

fulfilment of those conditions, could still be much advanced.

It is moreover certain that new subjects for inquiry connected with the safe

working of coal-mines must continue to present themselves, as has been the

case during our seven years’ experience. These considerations have impressed

upon us the need for the official establishment of some permanent arrangement,

by which the continuous pursuit of this highly important class of work would be
secured, and by which, also, the merits of suggestions and inventions presenting

themselves from time to time would be investigated promptly and thoroughly,

and dealt with authoritatively.

We consider, moreover, that the complete investigation of coal-mine disasters

would be greatly promoted if the arrangements to which we have referred were

utilised systematically, in connection with the usual official inquiries, in dealing

with the difficulties which frequently arise in elucidating the causes of these

disasters.
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A CCIDENTS on self-acting inclines, 248

Action of the forcing pumps, 278,

279

of the lifting pumps, 278

Adamson’s flanged seam for boilers, 94, 95
Afterdamp, composition of, 329

Air, calculated weight of, 351

compressing engine, calculation of pres-

sure, 537

-crossings, 347

measuring by using gunpowder, 348
shaft, methods of making, 160

splitting, 345, 346—— -vessel for pumps, 282

Airway, best form of, 358

, calculation of increased quantity of air

from an additional one, 386, 387

, calculation of length of, 389

Airways, calculated comparison of friction in,

389
.

, calculation of quantities from splitting

the air, 392, 393

, calculation of quantities passing along

different sizes of, 388, 390

, calculation of sizes to pass equal quan-

tities, 387

Allanshaw Colliery

—

cost of timber at, 231

dip of strata at, 230

output of, 230

particulars of winding-engine, cages and

tubs, 230

pillar and stall method of working, 230

—

232

section of the Ell Coal Seam, 230

size and depth of shafts, 230

of pillars and openings, 230

timbering at the face by the collier, 231

timber drawing in the pillar workings,

232

Allanshaw Colliery {continued)

—

timber setting in the pillar workings, 232

ventilator and ventilation, 230
Ambulance, 551

Anemometer, 348

Anthracite coal, 537, 538
Anticlinal, 2

axis at Kingswood, 226

proved by the Cannockwood Tits, 208

Apron, 278

Aqueous rocks, sequence of, 2

Arching, convenient time for carrying on the

work, 156, 157

elliptical arch, 154

horse-shoe arch, 154

iron centres for arches, 155

method of constructing, 154, 155

mortar used, 157

preventing the use of open lights, 155,

156

sand packing for arches, 157

semi-circular arch, 153

-circular arch with invert, 153, 154

Arrows on plans, use of, 168

Atmosphere, the, 316—319
, rule to ascertain the weight of, 319

Atomic weight, 320

Auger for boring, 12

Azoic, 3, 4

T) ABCOCK and Wilcox water-tube boiler,U 121— 124

Backing deals for a sinking shaft, 26

Back pressure of steam, 69

Balance bob for pumps, 281

Balanced scaffold for cages at the Clifton Hall

Colliery, 215

Balks for carrying pumps, 280
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Bank-head stops and catches, 246, 247

system of working, details, 183— 186

system of working, object of, 183

Barnsley Bed, particulars of, 183

Barometer, 349—351

, calculation of reading at pit bottom, 351,

379
Basin, 2

Bath oolite, 7

Beche, 10, n
Beds of minerals, 540

Bell-box, 12

Bellite, 470

Bell-shell, 12

Bench-marks, Ordnance, 399

Bituminous coal, 538

Blasting operations and explosives, 467— 470
Blister in boiler plates, 130, 13

1

Blower of gas, dealing with, 378

lowers of carbonic acid gas, 323

of firedamp, 327, 328

of nitrogen gas, 322

Blown-out shots, 470, 4 7

1

Blow-off cock, 104

Boilers

—

Adamson’s flanged seam, 94, 95

advantages of correct seating, 99

approved methods of connection between

steam pipe and boilers, 109— ill

Babcock and Wilcox water-tube boiler,

121— 124

blow-off cock, 104

bowling-hoop expansion joint, 94

cast-iron cover plate for downtake, 103

circular and horizontal seams, 93

circumstances to consider when selecting

the situation, 103, 104

comparison of punched and drilled plates,

92

complete rings for boiler shells, 97

construction of shell, 93

consumption of coal by different engines,

136

Cornish, 88—90

dampers, 105

dangerous practices in cleaning, 132

details of fixing blow-off block in the

seating, 103

details of a Lancashire boiler to work at

1 10 lbs. pressure, 107

details of seating a Lancashire boiler, 98

diagonal seams for, 96, 97
effect of brickwork in contact with boiler,

99

Boilers (<continued)

—

effect of damp situations on faulty and

correct seatings, 103, 104

effect of pressure on flat surfaces, 95

egg-ended boilers and their flues, 88

escape valve, 105

evaporating surface, 142

evaporative power of, 88, 133

power of fuel, 136

examples of faultily-seated Cornish and

Lancashire boilers, 100

example of faultily-seating a boiler, 98

showing how to find thickness of

plate, 135

exhaust injector, 116, 1 1

7

explosions, causes of, 130— 132

external protection for, 100— 103

feed-pipe arrangement, 107

-water valve, 105

fire-brick bridge, 106

flat end plates and their attachment, 93, 94

float, 104

flue joints, 91, 95

forms of expansion joints for steam pipes,

108

form of joints, reason for, 94
of rivet in the joints, 90

furnace, 106

bars, 106

fusible plug for, 105

Galloway boiler, 118— 121

tubes, 90

tubes, method of fixing, 95
Gamgee cowls, 90

gauge cocks, 104

Giffard injector, 113— 116

grooving, channelling, furrowing, or gut-

tering, 125

gusset stays, 95

heating and grate surface rules, 134

Hopkinson’s double safety valve, 105

Hotchkiss’ boiler cleaner, 128—130

hydraulic test for, 107

impurities in water, 125, 126

incrustation, effect of, 142

injurious practices in boiler tending, 125

internal flue attachment, 94

Lancashire, 90

lap and butt joints, 91

lever safety valve, 104, 105

longitudinal stays, 95, 96

main flues, 117

flue, size of, 103

anhole in boiler, 97, 104
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Boilers (continued )

—

material constructed of, 90

for rivets, 92

for seating-blocks and quarter- circle

tiles, 98

means of heating feed water, 113

of overcoming a difference of level

between the steam pipe and stop

valve, ill, 1 12

of strengthening openings in boilers,

97
mechanical stokers, 106, 107

methods of riveting, 91, 92

Molesworth’s rules for, 133, 134

mud-hole for sediment disci arge, IC5

106

necessity of good construction and careful

treatment, 124

nominal H.P. of, 133

number required, 135

objection to placing them underground,

252

objects to be aimed at in seating boilers,

97, 98

ordinary form of, 88

Paxman’s flue joint, 95
position of in their seatings, 97
power to resist pressure, 143

pressure or steam gauge, 105

proper water line in, 107

proportion of loss of steam in cylinder

135, 136

quarter-circle closing-in tile, 100

recess for blow-off cock, 103

riveting by machinery, 93
rule for maximum safe working pressure,

134

rules for safety valve, 133

Seale’s patent water purifier, 130

seating block, 99
shell joints, 90

sliding door in bridge, 106

split caulking, 93
steam, crown, or stop valve, 105

pipe connection, 107— 1 1

1

pipe expansion joint for underground

roadways, 112

strength of materials for plates, 1 33
supervision by experts, 130

supporting width necessary in the seating

blocks, 98

table of heights of chimneys, 1 1

7

table of relative strengths of riveted joints,

96

Boilers (1continued )

—

test for plates, 91

treatment of water, 126— 12S

undesirable method of connection between

steam pipe and boiler, 109

usual thickness of plate, 142

velocity of steam in the pipes, 135, 136

vertical, 124

warming surface buildings by steam, 133

water-gauge, 104

, proper position for, 142

what to do if the water is low, 142

Bolts for pumps, 279, 280

Boring by diamond drill

—

advantages of the process, 16

bore-rods, 14

carbonate or diamond, 15, 16

core numbering and preserving, : 5

trap, 14

tubes, 14

crown, 13

lining tubes—object of, 15

per centage of cores obtained, 16

rate of boring, 1

5

sediment tube, 14

sizes of holes bored, 16

Boring with rigid rods

—

auger for clay, &c., 12

beche, 10, n
bell-box, 12

shell, 12

bore-rods, 10

bracehead, 11

brake, 11

chisels, 10

headgear, 9
key, 11

lengtheners, 10

levers for turning rods, 12

lifting dog, 12

lining pipes, 12

rigid rods and steam engine, 13

rods, 12

rod-wrenches, 12

rounders, 11

runner, 11

shell-auger, 12

shoe-nose shell, 12

sludger, 10

S-nose chisel, 12

spiral worm, 12

spring dart, 12

square-nose chisel, 12

T-nose chisel, 12
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Boring with rigid rods
(
continued)

—

topit, 11

V-nose chisels, 12

wimble, 10

windlass, 9
worm-auger, 12

Bore-hole, discharge of water from calculation,

536, 537

-hole, pressure of gas in, at Cannockwood

Pits, 20S

-holes, number necessary, 16

holes, some of the deepest, 16

-rods, 10

rods for diamond drills, 14

Boulders in the Trencherbone Seam at the

Clifion Hall Colliery, 220, 221

Bourdon pressure gauge, 521—526

Bowks for a sinking shaft, 25

Bowling hoop expansion joint, 94
Bracehead, 11

Brake, 11

automatic steam, 551

for winding engine, where placed, 77, 78

Branch roads worked by tail rope, 254, 255

Bratticing shaft for pumps, 282, 283

Bricks, estimate of number used to line a

shaft, 39
Bridle chain for direct haulage, 253, 254

or bull chains for attachment between

cage and rope, 43

Broadbent safety cage, 44
Broken mine working, 164, 165

Brora coal field, 7

Bucket, 280, 285, 286

door piece, 278

Bull for a sinking shaft, 24

Bunions for shaft guides, 40

Burnett’s wedge for coal-getting, 482, 483

Butt joint for boilers, 91

/"'AGE, 41—45
Cage, construction of, 43

, modes of securing tubs in, 41, 42

Cages at Allanshaw Colliery, 230

at Cannockwood Pits, 208

at Celynen Colliery, 174

at Clifton Hall Colliery, 215

at Kiveton Park Colliery, 190

at Risca Colliery, 177

at Wearmouth Colliery, 195

Caging appliances, 493—495

Cainozoic, 3

Calculations

—

airways of equal perimeters but different

areas, 380

altered quantity of air for increased power,

373, 378

area of airway to pass a certain quantity of

air with a given power, 381—383

ascertaining mean pressure of steam

throughout stroke, 74

barometer reading at pit bottom, 351, 379
base and height of inclined plane, 439
bearing of levels, 442, 443
bricks for shaft lining, 39
bursting strength of boilers, 143

comparison of friction in airways 389

compound hauling engine, 276

contents of goaf and escape of gas there-

from, 350

cubic feet of flame from exploding gas,

390

depth of shaft for air driving, 431

dip of strata, 17, 536
distance to drive stone drifts through

faults, 243

driving levels without showing cap on

lamp flame, 383

efficiency of fans, 354, 379
enlarging airway and adding an airway for

increase of air, 370, 371

airway for increase of air, 366—308

airway in circular form for increase

of air, 368, 369

airway in rectangular form for in-

crease of air, 369

excavation from a sinking pit, 39

fan speed with altered water-gauge, 394
feeder of water per minute, 31

1

friction in airways, the air being at

different velocities, 380, 389

friction of tubs, 274

gradient, 275

of rope, 535
gradients, 272

horse-power of engine shown by dynamo-

meter, 538, 539
-power of ventilation, 376, 393
-powrer of ventilating engine, 380

-power to produce ventilation, 385

increase of air by adding a fan, 379

of air from doubling the depth of

shaft, 379

increased power for altered quantity of

air, 373, 376—37$
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Calculations [continue.i) —
increased quantity by adding an airway,

336, 387
length of airway, 389

load on safety valve, 14

1

meetings of cages in shafts, 530—534
motive column, 352, 353, 385, 386

percentage of coal in first working, 437
powers of pumping engines, 307—310

pressure and temperature of steam, 75
of water against barrier, 535
per square inch produced by air

compressing engines, 537
quantities of air by furnace and fan com-

bined, 373
of air by furnace and steam jet, 376

of air by steam jet and fan, 387

of air from fan of given size, 390

—

392

of air from fans of given horse-

power, 390

in different sized airways, 374, 388,

390—393
of air in roadways, 358—362, 365,

366—— of air in splits with a given power,

375> 393

of air in splits with a given pressure,

362, 363

quantity of air with altered water-gauge, 365

of fresh air necessary to dilute

gas, 384

of fresh air to be added to prevent a

cap, 384

radius of circle, 442

relative powers for equal quantities, 373,

374

size of high and low pressure

cylinders in compound engine, 272,

273

strengths of ropes, 5

1

rules for relative powers, 375

showing the advantage of using steam

expansively, 73, 74

size of chimney for boilers, 143

of shaft for a given quantity and

velocity of air, 380, 386

of steam-pipe to engine, 142

sizes of hauling engines and their work,

265—276

of regulators to pass equal quantities

of air, 363, 364

of roadways to pass equal quantities

fair, 363, 371, 372, 387

Calculations [continued)—

sizes of winding engines required, 67—69

strain on rope, 269, 27

1

temperature of upcast shaft, 385, 386

theoretical water-gauge of centrifugal

ventilator, 354, 355, 391

thickness of boiler plate, 135

of metal tubbing required, 29

time of air currents in passing round an

airway, 384

taken to clear gas out, 383, 384

to find the true north meridian, 433

velocity of air in upcast and downcast

shafts, 383

versed sine, 442

volume of air for a stated number of

miners, 356

of air for change of temperature and

pressure, 318, 354

water-barrels, 314, 315

converted into steam, 71, 72

discharged from bore-hole, 536

-gauge due to shaft depths and

temperature, 384, 385

-gauge in airways of different size,

380, 381

-gauge with altered fan speed, 393,

394

weight of air, 349, 351

a winding engine is capable of

raising, 76, 77

of fly-wheel, 78

yield of coal, 426, 436, 437

of cutting and gradient, 438, 439
Calow’s safety cage, 45
Cambrian system, 4
Cannel coal, 538

Cannock and Rugeley Collieries

—

shafts and their depth, 208

winding engines, &c., 208

Cannockwood Pits

—

anticlinal at the pits, 208

bar and chain for drawing timber, 2.1

1

building the packs, 209

cost of timber per ton, 21

1

distance apart of roads, 209

props are to be set apart, 209, 210

drills and cartridges in use, 21

1

keeping one of two seams worked in

advance, 208

longwall method of working, 208-211

main road timbering, 21

1

output and hand-picking it, 208

percentage of large coal obtained, 21

1
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Cannockwood Pits
(continued)-—

pressure of gas in a bore-hole, 20S

price paid for sorting the coal, 208

prices paid to stall-men, 21

1

price for ripping the roads, 2 1

1

safety-lamp in use, 208

section of Deep Coal Seam, 209

shafts and their depth, 208

spragging and timbering at the face, 210

ventilator and ventilation, 208

winding engines, tubs and cages, 208

Capell ventilator, 342—344
Capping wire ropes, 51—54

Carbonate, or diamond used in boring 15, 16

Carbonic acid gas and blowers of, 323, 324

acid gas detector, 465, 466

acid gas, to produce experimentally, 324

oxide gas, 324, 325

oxide gas, to produce experimentally, 325

Carboniferous period, 4, 6

Carbonite, 480

Carting boy, 227, 228

Cartridges for sinking a pit, 24

of compressed gunpowder, 469

, lime, 48 f, 482

, sand, 479

, Settle’s patent water-, 473—479
used at Cannockwood Pits, 2 1

1

Cast-iron cover plate for downtake, 103

— props, 15

1

Casualties from falls, suggestions to reduce the

number of, 542

Cataract governor, 290

Caulking boilers, 93
Cause of motion in machinery, 69

Celynen Colliery

—

details of pillar working, 175— 1 77

dip of Black Vein, 177

method of double-stall working, 174— 177

number and depth of shafts, 174

particulars of engines, &c., 174

of landings, cages and tubs, 1 74

price and cost of timbering, 176, 177

paid colliers, &c., 176

section of the Black Vein, 173

timbering, 175, 176

ventilator and ventilation, 174

Chain, Gunter’s, 396

riveting boilers, 92

Chains, table of weights and strength, 57

Channelling in boiler plates, 124, 125

Charging, stemming and firing shots, 471—473
Chimneys for boilers, table of, 1 17

Chisels for boring, 10

Chisel, S-nose for boring, 12

, square-nose for boring, 1

2

, V-nose for boring, 12

, T-nose for boring, 1

2

Chocks or cogs, 148

Circle, calculation of radius, 442

Circular seams of boilers, 93
Circumstances to consider when selecting the

site for boilers, 103, 104

Clack, 280, 281, 286

Clack-piece, 278, 285

Clanny safety-lamp, 445

Clasp-joint for attaching bucket, 280, 285

Cleaning boilers—dangerous practices, 132

, points to observe, 132, 133

Clifford safety lamp, 450—452

Clifton Hall Colliery-

boulders in the Trencherbone Seam, 220,

221

cost of timber, 218

method of working by pillar and stall,

215, 221

packs and timber, 221

particulars of cages, and balanced scaffold,

215—— of output, furnace, and ventilation,

2I 5

prices paid to the collier in the Five-

quarters Seam, 219

rate of dip, 216

section of the Doe Coal Seam, 215

of the Five-quarters Seam, 218

of the Trencherbone Seam, 219

timber used in the Doe Coal Seam and

the Five-quarters Seam, 217, 218

working and prices paid in the Doe Coal

Seam, 216—218

the Five-quarters Seam, 218, 219

the Trencherbone Seam, 219—221
Clinometer, Davis’s, 430, 431

Closing-in-tile, ico

Coal beds, rock formations found in, 540

-cleaning at Pemberton Colliery, 21 1,

212

-cutting machinery, circumstances un-

favourable to, 490

-cutting machine, electrical, 492, 493

-cutting machine, Gillott & Copley, 490

—

492

dust, 466, 467, 543, 544

, estimated percentage of pillars left in

working, 437

-gas and air, effect of exploding, 330,

331
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Coal gas, how to produce experimentally,

330

-heading machine, Stanley’s, 493
-measures, Somersetshire coalfield par-

ticulars, 225, 226

produce estimate, 436, 437
seams inverted in Northern France, 236

sent out by colliers at Cowdenbeath

Collieries, 233

sent out by colliers at Florence Colliery

204

sent out by colliers at Kiveton Park Col-

liery, 191

sent out by colliers at Risca Colliery

178

sent out by colliers at Sovereign Pit,

225

, theory of its origin, 6

Cockermegs at Great Fenton Colliery, 207

at Kiveton Park Colliery, 191

Co-efficient of friction, roads and shafts, 377
of tub-friction, 274

Cogs or chocks, 148

Collar for timbering, 146

Colliers, number employed at Sovereign Pit,

225

Colliery plans, 421, 422

, colouring of, 425, 426

, estimating areas and coal yielded

by them, 425, 426

Colliery plan, prevention of errors, 431, 432
Combined wedging and ring crib, 28

Combustion, effect of oxygen on, 321

Compass or miner’s dial, 409, 410

Complete rings for boiler shells, 97
Compound engines, determination of cylinders,

272, 273

hauling engines, 270, 271

hauling engine, calculation of, 276

Compressed air as a motive power, 270

Condensing engine, 72

Conductors or guides for shafts, 40, 41

or guides at Risca Colliery, 177

Cone drum for winding engine, 61

Conformable strata, 2

Consumption of fuel by different engines, 136

Contorted strata, 2

Contour lines, 421, 422

Cooke’s ventilator, 336—338

Core numbering and preserving, 15

-trap for diamond drill boring, 14

tubes for diamond drill boring, 14

Cornish boiler, 88—90

bull engine, 293

Cornish engine, coal consumption for, 291

eng'ne, cost of, 291

equilibrium valve, 289

pumping engine, 286—293

Corrosive water in pumps, guarding against,

279

Cost of bricks, estimated for sinking shaft, 39

of oil for safety-lamps, 453

Cotton-powder, 469

Counterbalance self-acting incline, 251, 252

Cowburn’s dead-weighted safety-valve, 140

Cowdenbeath Collieries

—

coal sent out by colliers, 233

dip of strata, 232

distance apart of roads, 233

fireman’s duties, 234

longwall working of, 232—234
names and thickness of seams worked,

232

packs and timbering by the collier, 233,

234

prices paid to colliers, 233

quantity of water pumped, 232

section of the Dunfermline Splint Coal

Seam, 232

size and depth of shafts, 232

timber, cost of per ton, 234

on main roads, 234

, prices paid for, 234

ventilator and ventilation, 232

Cradle used in shaft-sinking, 26

Craven’s improved winding gear, 84, 85

Creep, 164

Creosoting to preserve timber, 152

Cretaceous system, 7

Cross-holings connecting water-levels, 159

-measure drift driving, 159, 160

-measure drift at Kingswood Collieries,

230

-measure drift at Radstock Collieries,

226, 227

Crown for diamond drill boring, 13

, steam, or stop-valve for boilers, 105

Cryptograph lock for safety-lamps, 453
Cubical contents obtained from a sinking

shaft, 39

Curbs or cribs for a sinking shaft, 25, 26

Curves, setting out, 426—429

Customs of setting and drawing timber, 1 52

Cut-chain haulage on inclines, 249—251

Cuvelier’s patent lock for safety-lamps, 453—
455

Cylinders, construction of and provision for

their wear, 80
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T^\ AMPERS for boilers, 105

Dams underground, 508—510

Davey’s compound differential pumping engine,

294—296
—— compound differential pumping engine,

underground, 296, 297

differential valve-gear for Cornish engine,

291—293
Davy safety-lamp, 444, 445
Dead ground, 512

Deane double plunger pumps, 286

Denudation, 530

Deputies, duties of at Silksworth Colliery, 200

, duties of at the High Park Colliery, 195

Detaching hooks, object of, 45
Devonian system, 4

Diagonal seams for boilers, 96

Diagrams, indicator, 516—519
Diaphragm gauge, Schaffer, 526

Diffusion of gases, 331

Dip, 2

, mode of ascertaining, 17, 430, 431

of Black Vein at Celynen Colliery, 177

of Black Vein at the Risca Colliery, 177

, calculation of from three bore-holes, 536

of strata at Allanshaw Colliery, 233

of strata at Clifton Plall Colliery, 216

of strata at Cowdenbeath Collieries, 232

of strata at Florence Colliery, 202

of strata at High Park Colliery, 193

of strata at Pemberton Colliery, 213

of strata at Silksworth Colliery, 197

of strata at Sovereign Pit, 223

Direct-acting engine, 72

haulage by machinery, 253, 254

Distance apart of roads at Cowdenbeath

Collieries, 233

separating roads at Radstock Collieries,

227

separating sets of timber, 148

Dog for drawing timber, 145

Doors over upcast winding shaft, 345
for roadways, 346, 347

Double engines, 72

indicator, 521

road stall method of working, 172— 174

Drifts, cross measure driving, 159, 160

Drifting where the rivet-holes are out of place,

92

Drill for a sinking shaft, 24

Drilling boiler plates, 92

Drills used at Cannockwood Pitts, 21

1

Driving between two shafts, calculation, 441

through faults, 242, 243

Drop staples, 493, 494
Drum for incline, mode of securing, 247
Drums, wrought and cast-iron for winding, 64
Dumb drift, 334
Duplex gauges, 525
Duty of an engine, 69
Dykes, 3

Dynamite, 470

Dynamometer, 538—540

ECONOMISERS, 140

Effect of damp situations on faultily and

correctly seated boilers, 103, 104

Effect of pressure on flat surface in boilers, 95
Egg-ended boiler, 88

Electrical coal-cutting machine, 492, 493
pumping plant, 302

Electric safety lamps, 456—458
Elements of rock masses, 540
Endless chain haulage, 261—264

rope haulage, No. 1, 256—260

rope haulage, No. 2, 260, 261

Engine, Cornish pumping, 286—293
Davey’s compound differential pumping,

294—296
Davey’s differential underground pump-
ing, 296, 297

, duty of, 69

condensing, non-condensing, 72

direct acting and geared, single and
double, 72

expansive, and non-expansive, 72

high pressure, low pressure, 72

horizontal and vertical, 72

plane signals, 264, 265

Engines, compound, determination of cylinders,

-

272, 273

for direct haulage, 253

for tail-rope, 254

for underground haulage, position of, 252

for winding at Allanshaw Colliery, 230

for winding at Cannock and Rugeley

Collieries, 208

for winding at Celynen Colliery, par-

ticulars of, 174

for winding at Florence Colliery with

automatic cut-off, 200—202

for winding at Great Fenton Collieries,

206

for winding at Kiveton Park Colliery,

1)0
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Engines
(
continued)

—

for winding at Lundhill Colliery, 186

for winding at Pemberton Colliery, 21

1

for winding at Silksworth Colliery, 197

for winding at Sovereign Pits, 223

hauling, calculations of size, 265—271,

275, 276

, pumping, powers of, 307—-310

Engine winding water, calculation of, 315

Ensilage, 496

Equivalent orifice, 355
Escape valve for boilers, 105

Escarpment, 2

Evan Thomas’ safety lamp, 449, 450
Evaporative power of boilers, 88, 133

power of fuel, 136

Evaporating surface of boilers, 142

Example of faultily seating Cornish boiler,

98, 99
of faultily seating Cornish and Lancashire

boilers, 100

showing effect of working engine expan-

sively, 73, 74
showing thickness of plate for boiler, 135

Exhaust injector, 116, 1
1

7

Expandisc steam trap, 138, 139

Expansion joints for boilers, 94, 95
joints for steam pipes, 108

-joints for underground roads, 112

Expansive engine, 72

Exploring for water, 507, 508

Explosions of boilers, causes of, 130—132

Explosive nature of gas at the Sovereign Pits,

223

Explosives, 545—547

and blasting operations, 467—470
-, temperature of explosion of, 481

time of using at the Great Fenton Col-

lieries, 206

, useful work of, 470
External protection for boilers, 100— 103

ABRY ventilator, 336
False bottom or diaphragm used in

Kind-Chaudron system, 38

Fan, and steam jet calculation, 387

, calculation of quantities from given size,

390—392
, points in, to supersede a furnace, 392

Fans, calculation of quantities from given

power, 390

C.M.H.

Fans, keeps or shuts, 41

Faults, 3

and methods of dealing with them 512,

51 3

driving through, 242, 243, 513

Feed-pipe arrangement for boilers, 107

-water heaters, 140

-water heating, 1 13

water valve for boilers, 105

Fire-brick bridge for boilers, ic6

Firedamp detectors, Garforth’s, 458—460
detectors, Liveing’s, 461, 462

detectors, Pieler Lamp, 458——detectors, Sir W. T. Lewis and O. H.

Maurice’s, 462—464

indicators, 547

, or proto-carburetted-hydrogen gas, 326

—331
, or proto - carburetted - hydrogen gas,

blowers of, 327, 328——,
or proto-carburetted-hydrogen gas, effect

of exploding, 330

, or proto-carburetted-hydrogen gas, out-

bursts of, 328

, or proto-carburetted-hydrogen gas, possi-

ble effect of earthquakes on, 329

, or proto-carburetted-hydrogen gas, pres-

sure of in the solid coal, 328, 329

Fire-grate surface for boilers, 133

j

Fireman’s duties, 378

! Fireman, duties of at the Cowdenbeath Col-

lieries, 234

|

Fires, underground, 51 1, 512

Firing, charging and stemming shots, 471

—

473
Fish-piece, 278

Flat end plates of boi'ers and their attach-

ment, 93, 94
ropes, calculation of cage-meetings in

shaft, 530—533
ropes, calculation of size of drum for,

533 , 534
Flat sheets for the shaft bottom, 40

Flats for timbering roadways, 146

Fleuss apparatus for breathing in noxious

gases, 500—504

j

apparatus for breathing under water,

504

apparatus used at Killingworth, Seaham,

and in the Severn Tunnel, 507

lamp, 505—507
Float for boilers, 104

Florence Colliery

—

coal sent out, 204

o o
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Florence Colliery (continued)

—

details of working, 202

dip of seam, 202

dog for setting timber, 205

longwall method of working the Great

Row Seam, 200—205

methods of repairing timber, 205

movable wheel for incline, 202

particulars of packs and roads, 204

of size and depth of shafts, 200

of timbering, 202—204
• of winding engines and automatic

cut off, 202

prices paid stallmen, 204

section of Great Row Seam, 202

ventilator, 202

Flue-area for boilers, 133

(internal) attachment to boiler, 94
-joints for boilers, construction of, 91

Flues (main) for boilers, 1 1

7

Fly-wheel, object and size of, 78, 79

Forcing pumps, 277—282

Formula for ascertaining the thickness of metal

tubbing, 29

Forster and Brindle’s detaching hook, 47
Fowler’s apparatus for loading and unloading

cages, 494, 495

Friction of tubs, co-efficient of, 265

of tubs, methods of calculating, 274, 275

of water through pipes, 300

rollers for engine planes, 253

rollers for self-acting incline, 246

Furnace and boiler fires at Wearmouth Col-

liery, 195

area at Silksworth Colliery. 197

bars for boilers, 106

for boilers, 106

, ventilating, construction of, 332

, ventilating, dumb drift for, 334
, yield of, 332—334

Furrowing in boiler-plates, 124, 125

Fuse for a sinking pit, 25

protector, 479
Fusible plug for boilers, 105

ALLOWAY boiler, 118-121

tubes, 90

tubes, method of fixing, 95

Gamgee cowls, 90

Garforth’s firedamp detector, 458—460

Gas, calculation of expansion in explosion, 394

Gas, cubic feet of flame from exploding, 390

, given off from coal below the workings

at the Sovereign Pit, 223

, sudden outbursts of, 542, 543
Gases, diffusion of, 331

Gates for shafts, 40

Gauge-cocks for boilers, 104

Geared engine, 72

Gelatine-dynamite, 473
-dynamite or gelignite cartridges, 475

—

477
Gelignite, 473
Geneste and Hercher’s steam trap, 136

Geological features of the Somersetshire Coal-

field, 225, 226

sections, making, 429—431

Giffard injector, 113— 116

Gillott and Copley coal cutting machines, 490

—

492

Glacial period, 8

Glands, object of on engines, 79

Goaf, 15

1

, cubic contents of estimated, 350
Governor (Cataract), 290, 291

Gradient for horse-road, 245, 272

for incline, calculation, 272, 275

for self-acting incline, 245

for water-levels, 158

Grate and heating surface for boilers, rules,

134

Gray safety lamp, 447
Greaser (automatic tub), 528, 529

Groat Fenton Collieries

—

cockermegs and face timber, 206, 207

contract to put coal in waggons, 206

dog and chain used to draw timber

207

explosives and packs, 206

longwall method of working, 205—207

main road timbering, 207

particulars, size and depth of shaft,

206

, winding engine and output, 206

section of the Great Row Seam, 206

Grooving in boiler plates, 124, 125

Guards for tops of cages, 43, 44

Guibal ventilator, 338

Guides for pump rods, 280

for slide-carrier in a sinking shaft, 27

or conductors for shafts, 40

Gun-cotton, 469

Gunpowder, 468, 469

Gusset stays for boilers, 95

Guttering in boiler plates, 124, 125
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T T ACIvS or picks for a sinking shaft, 24

Hammer for a sinking shaft, 24

Hanging clack and bucket doors, 281

Haulage, attachment of tubs to ropes, 260

clip, Hanson’s, 256—259
clip, Humble’s, 259

, direct, 253, 254

endless chain, 261—264

endless rope, No. 1, 256—260

endless rope, No. 2, 260, 261

tail rope, 254—256

underground at Kiveton Park Colliery ;

double forks for tubs, 190
-—- underground at Pendlebury Colliery, 221,

222

underground, ropes required at Wear-

mouth Colliery, 196

Hauling engines, calculations of, 265—271,

275, 276

engines, compound, 270, 271

engines, compound, calculation, 276

Headgear for hand-boring, 9

for pulleys, 48—50

Heading, calculation of a cutting in, 438,

439
Heart-joint for bucket attachment, 280

Heating and grate surface for boilers, rules,

134

surface required for boiler, 133

Heaves, hitches, &c., 3

Height over bridge for boiler, 133

Hepplewhite-Gray safety lamp, 447, 448

Hercher and Geneste steam trap, 1 36

High Park Colliery

—

dip of the Top Hard Coal seam, 193

duties of deputies, 195

holing rates, 193

longwall method of working, 191—195

methods of building packs and timbering,

193

output, and number of stalls, 193

output, dealing with by hand, 191

particulars of shafts, 19

1

point of extreme subsidence, 195

price paid to stallmen, 193

section of the Top Hard Coal seam,

193

ventilators in use, 191

High-pressure engine, 72

Hitches, heaves, &c., 3

Hoffman joint for dials and levels, 410

Holing, height allowable for, 490

Hopkinson’s double safety valve, 105

Horizontal engine, 72

Plorizontal seams of boilers, 93

Horse-power of engine, 69

Horse-powers (nominal) of engines, rules for,

86, 87

Horses, cost of keeping, 496

, dimensions of roadway for, 499

, disadvantages of employing, 496, 497

, means of lowering down the shaft,

498

, mules and donkeys as substitutes for,

499, 5oo

, number in charge of one keeper, 499

, shoeing and harnessing, 499

, stables for, 498, 499

, their food and work, 495—500

-, traces and limbers for, 499

, work performed by, 497, 498

Hotchkiss boiler cleaner, 128—130

H-piece for pumps, 285

Husband’s patent gearing, 291

Hydraulic pumping engines, 299—301

test for boilers, 107

Hydrogen sulphide or sulphuretted hydrogen

gas, 325, 326

sulphide or sulphuretted hydrogen gas, to

produce experimentally, 326

Hypozoic, 4

TCHTHYOSAURUS, 7
A Igneous rocks, 3

Inclined plane, calculation of base and height

of, 439
Incline wheel (movable) at Florence Colliery,

202

Incrustation in boilers, effect of, 142

Indicator, action of, 516

diagrams, 516—519

, double, 521

gear, 515, 5 16

, Richards’s, 514, 515

, Richards’s, for continuous diagrams,

519

, Thompson, 519—521

, Watt’s, 513, 514

Indicators (steam), 513

—

521

Ingersoll hand-power rock drill, 484, 485

machine-power rock drill, 487—490

Initial pressure of steam, 77

Injectors, exhaust, 116, 117

, Gififard, 113—116

Iron, rock formations found in, 540

0 0 2
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J
OHNSON’S tamping plug, 471

Johnston’s alarm whistle, 140

Joy’s valve gear, 82, 83

J umper for a sinking shaft, 24

77* EEPING one of two seams worked in

advance of the other at Cannockwood

Pits, 208

Keeps, fans, or shuts, 41

Key for boring, 1

1

Kibbles or bowks for a sinking pit, 25

Kick-up, tippler, or tumbler, 60

Kind-Chaudron system of shaft-sinking, 33—39

Kingswood Collieries, longwall working of,

229, 230

Kiveton Park Colliery

—

cost of timbering at face, 191

double forks for tubs, 190

longwall method of working, 190, 19

1

particulars of cockermegs, 19

1

of packs built, 19

1

of shafts, cages, guides, landings

engines, and ventilation, 190

quantity of coal got by collier, 191

section of the Barnsley Seam, 190

Knock-off link for tail-rope haulage, 256

Kcepe system of winding, 85, 86

LAGGING, tree branches and brushwood,

148

, usual, 147

Lancashire boiler, 90

boiler to work at 1 10 lbs. pressure, details

of construction, 107

Lap joints for boilers, 91

Large coal

—

per-centage obtained at Cannockwood

Pits, 21

1

obtained at Sovereign Pit, 225

obtained at Wearmouth Colliery, 196

Latent heat of steam, 71

Laughing gas, 316, 317

Laurentian system, 4

Lead, rock formation found in, 540

Leaps, 3

Lemielle ventilator, 336

Lengtheners for boring, 10

Level, 397—401

Level, adjustments of, 399—401

, arrangement of to do away with the
|

necessity of chaining distances, 406

—

409

Levelling book forms, 402—407

, method of plotting, 425

, method of procedure, 398

staves and levelling underground, 433 —

435
Levels, direction of calculated, 442, 443

Levers for turning rods, 1

2

Lewis and Maurice’s firedamp detector, 462

—

464

Lias, 7

Lids over props, 144

Lifting- dog for boring, 12

pumps, 277—282

Lightning, descending shafts, 526—528

Lignite coal, 538

Lime cartridges, 481, 482

-light to produce experimentally, 321

Lining tubes, diamond boring, object of, 15

Liveing’s firedamp detector, 461, 462

Llanberis slates, 4

Lode, 540

Lodes, 3

Longitudinal stays for boilers, 95, 96

Longmynd group, 4
Longwall working, 162—164

working, advantages of, 162

working, circumstances favourable to, 162

Lower coal measures, 5

Low-pressure engine, 72

Lundhill Colliery

—

advantage of bord and pillar working over

bank system, 190

bank system of working, 18 1— 186

bord and pillar working, 186—190

details of bank system, 184

object of the bank system, 183

outbursts in the Barnsley Bed, 183

particulars of Barnsley Bed, 183

of shafts, engines, output, 186

of ventilation, 186

of working, 188

price of driving in coal, 188

props drawn with dog, 189

riddles used and prices paid collier, 189

seams proved in the Lundhill Pits, 186

section of Barnsley Bed at Barnsley, 181

of Barnsley Seam, 186

of Barnsley Seam at the South York-

shire Collieries, 183

ventilating bank workings, 184—186
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JX/TACDERMOTT’S rock and coal per-

forator, 483, 484
Machine rock-drills used in shaft-sinking, 30

Main flue for boiler, size of, 103

Man-hole for boiler, 104

hole in boilers, 97
Marcet’s boiler, 70, 71

Marsaut safety-lamp, 448, 449
McKinless gauzeless safety-lamp, 452, 453
Mean pressure of steam, 77

pressure of steam throughout, stroke cal-

culated, 74
Means of strengthening openings cut in boilers,

97

Mechanical drill, 479
Mechanical stokers for boilers, 106, 107

Medium ventilator, 344
Meeting of cages in the shaft calculation, 530

—

533
Meridian, precautions to be taken with, 456

, present magnetic variation, 436

, true, how to find, 432, 433
Mesozoic, 3

Metamorphic system, 3, 4
Meteorological warnings, 543
Methods of working

—

Allanshaw Colliery by pillar and stall,

230—232
Cannockwood Pits by longwall, 208—21

1

Celynen Colliery by double stall, 174

—

1 77

Clifton Hall Colliery by pillar and stall,

215—221

Cowdenbeath Collieries by longwall,

232—234
double road stall, 172, 173

explanation of arrows on plans, 168

Florence Colliery by longwall, 200—205

Great Fenton Collieries by longwall,

205—207

High Park Colliery by longwall, 191— 195
Kingswood Collieries by longwall, 229,

230

Kiveton Park Colliery by longwall, 190,

191

longwall, 162—164

, advantages of, 162

, circumstances favourable to, 162

Lundhill Colliery by bank system, 181

—

186—- Colliery by bord and pillar, 186—*

190

Ocean Collieries by longwall, 179— 181

panel working, 165

Methods of working {continued)

—

Pemberton Colliery by longwall, and

post and stall, 21 1—215

Pendlebury Colliery by pillar and stall

221—223

post and stall, 164—168

post and stall, circumstances favourable

to, 162

Radstock Collieries by longwall, 225—229

Risca Colliery by longwall, 177— 179

Silksworth Colliery by pillar and stall,

197—200

single road stall, modification of, 170

—

172

road stall, usual, 168— 170

Sovereign Pit by longwall, 223—225

thick seams at Dombrowa, 236—238

seams in Bohemia, 240

seams in Upper Silesia, 238—240

seams, ordinary methods, 240

seams, square work, 236

thin seams by longwall in Northern

France, No. 1, 234

seams by longwall in Northern

France, No. 2, 234, 235

seams by longwall in Northern

France, No. 3, 235, 236

Wearmouth Colliery by pillar and stall,

195— 197

wicket system of North Wales, 18

1

Millstone grit, 5

Mineral, 540

Minerals associated with coal, 540
Miscellaneous pit-bank arrangements, 65

Monoclinal strata, 2

Moore’s hydraulic mine-pump, 300, 301

Morgan’s safety-lamp, 445
Mortier’s catch for bank-head, 246, 247

Moss-box used in Kind-Chaudron system, 38

Motive column and water-gauge calculation,

385 » 386

column rules, 352, 353
power, compressed air, 270

Mountain limestone, 5

Mud-hole for boiler, 105, 106

Mueseler safety-lamp, 449

TVT ATURAL ventilation, 331

Needle, declination of, 413

Needle, dip of, 414
— variation, determination of, 431
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New red sandstone system, 6, 7

Nip-out, 512, 513

Nitrogen gas, 321, 322

gas, blowers of, 322

Nitro-glycerine, 469, 470
Nixon’s ventilator, 335
Nobel’s electric detonator fuses, 47 7, 478
Nominal H.P. of boiler, 133

Non-condensing engine, 72

-expansive engine, 72

Notching the timbers, 150, 151

/^\CEAN Collieries

—

Cwmpark Pits, cost of timber, 181

longwall working of, 179

—

181

particulars of timber used,

180

of trams and shafts, 179

price paid colliers, 180

section of Four-feet Seam, 179

subsidence of roof, 18

1

Old red sandstone or Devonian system, 4
Oolite system, 7

Orifice of passage, 355
Ormerod’s detaching hook, 46, 47
Outbursts of firedamp, 328

of gas, 543
of gas in the Barnsley Bed, 183

Outcrop, 2

Output, and dealing with it by hand at Can-

nockwood Pits, 208

, and dealing with it by hand at the High
Park Colliery, 191

at Allanshaw Colliery, 230

at Celynen Colliery, 1 74
at Clifton Hall Colliery, 215

at Great Fenton Collieries, 206
—— at High Park Colliery, 193

at Kiveton Park Colliery, 190

at Lundhill Colliery, 186

at Radstock Collieries, 229

at Risca Colliery, 177

at Silksworth Colliery, 197

at Sovereign Pit, 225

at Wearmouth Colliery, 195

Outstroke, 535
Overlap fault at Radstock, 226

Oxygen gas, 320, 321

Oxy-hydrogen blow-pipe, use of, 321

TRACKS at Kingswood Collieries, 229

, building at Cannockwood Pits, 209

, building at Clifton Hall Colliery, 217,

221

•, building at Cowdenbeath Collieries, 233,

234

, building at Florence Colliery, 204

, building at Great Fenton Collieries, 206

, building at High Park Colliery, 193

, building at Kiveton Park Colliery, 191

, building at Pemberton Colliery, 213

, building at Pendlebury Colliery, 222, 223

, building at Risca Colliery with stones

from surface, 178

, prices paid for at Pemberton Colliery

214

Palaeozoic strata, 3

Panel working, 165

Parallel drifts for intake air, 541

ruler, 418, 419

Patterson’s testing apparatus for safety-lamps,

456

Paxman’s flue joint for boilers, 95

Peculiarities of the South Staffordshire Coal-

field, 208

Pemberton Colliery

—

band of hemp-ropes for cleaning coal, 21 1,

212

blind-pit between seams, 212

building the packs and face timbering

213

depth to Orrell Five-feet and Arley Seams,

212

dip of seam, 213

longwall method of working, 21 1—215

particulars of pillar working and timbering,

214, 215

of shafts, 21

1

prices of pit timber, 215

paid colliers, 213

paid for ripping and building packs, 214

paid for timbering, 214

pumping engine and arrangement ofpumps,

212

section and quality of Orrell Five-feet

Seam, 212, 213

ventilator and ventilation, 212

winding engines and weight of scroll drum,

211

Pendlebury Colliery

—

cost of timber and prices paid to stall-

men, 223

direct-acting pump raising water 400

yards, 221
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Pendlebury Colliery—
particulars of underground haulage, 221,

222

pillar and stall method of working, 221

—

223

rails for securing roof, 222

riding in upcast-shaft, 221

section of Ram’s Mine, 221

timbering and pack?, 222, 223

Pennant rock, thickness of in the Somerset-

shire coalfield, 225

Periclinal strata, 2

Permian system, 6

Picks or hacks for a sinking shaft, 24

Pieler carbonic acid gas detector, 465, 466

safety-lamp, 445—447

safety-lamp as a firedamp detector,

458

Pillar openings, size of at Wearmouth Colliery,

196

Pillars for shaft support, 158

, mode of working off at Allanshaw

Colliery, 231, 232

, size of and of openings at Allanshaw

Colliery, 230

,
size of and of openings at Silksworth

Colliery, 197

Pillar working at Pemberton Colliery, 214,

215

working at Silksworth Colliery, 200

working, details of at Celynen Colliery,

175—177

Pipes, construction of, 279
for lining bore-holes, 12

, making watertight, 278

, steadying in the shaft, 279

Pistons, construction of and provision for their

wear, 80, 81

Pit-gates, object of, 40

head frame of iron, details of construc-

tion, 50

pulleys, construction of, 50
-

—

- sump, 40

Plans, colliery, object of, 396

Pleistocene strata, 8

Plesiosaurus, 7

Poetsch’s system of sinking shafts through

quicksands, 32, 33
Portland stone, 7

Position of boilers, fixing details, 103, 104

of boilers in their seatings, 97
Post and stall method of working, 164—168

and stall working, circumstances favour-

able to, 162

Posts, props or trees, method of fixing in the

pit workings, 144

Post-Tertiary system, 8

Power-crab for diamond boring, 1

3

, ventilating, to overcome friction, 358

Pressure and temperature of steam calculation,

75 > 76

and vacuum duplex gauges, 52S

and vacuum gauges, 521—526

and vacuum gauges, graduating, 525 j 5 2^

-gauge for boilers, 105

of gas at the Sovereign Pit, 223

of gas in a borehole at Cannockwood

Pits, 208

of water against barrier calculation, 535

produced by air-compressing engine, 537

, rule for boilers to work at, 134

, ventilating, to overcome friction, 357

, ventilating, to put air in motion, 353

Price of driving in the coal at Lundhill Col-

liery, 188

Prices paid for building packs at the Sovereign

Pit, 225

paid for holing at the High Park Colliery,

193

paid for ripping roads at Cannockwood

Pits, 21

1

paid for ripping at Pemberton Colliery,

214

paid for sorting coal by hand at Cannock-

wood Pits, 208

paid for taking out props at Silksworth

Colliery, 200

paid for timbering at Pemberton Col-

liery, 214

paid to colliers at Celynen Colliery, 176

paid to colliers at Clifton Hall Colliery,

Doe Coal Seam, 217

paid to colliers at Clifton Hall Colliery,

Five-quarters Seam, 219

paid to colliers at Cowdenbeath Col-

lieries, 233

paid to colliers at Cwmpark Pit, 180

paid to colliers at Lundhill Colliery,

189

paid to colliers at Pemberton Colliery,

213

paid to colliers at the Sovereign Pit, 225

paid to colliers in the broken mine at

Silksworth Colliery, 200
——

- paid to colliers in the whole mine at

Wearmouth Colliery, 196

paid to stallmen at Cannockwood Pits,

211
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Prices paid to stallmen at Florence Colliery,

204

paid to stallmen at High Park Colliery,

193

paid to stallmen at Pendlebury Colliery,

223

paid to timbermen at Wearmouth Col-

liery, 197

Props, cast-iron, wrought-iron, and steel, 1 5

1

, posts, or trees, method of fixing in the

pit workings, 144

Protector safety-lamp, 445

Proto-carburetted hydrogen gas or firedamp,

326—331
blowers of, 327, 328

effect of exploding, 330

outbursts of, 328

possible effect of earthquakes on, 329

pressure of in the solid coal, 328, 329

Protractor, 418

Provision for removing condensed water from

winding engine cylinders, 77

Pulley for endless rope haulage, 256

Pulsometer, 31 1— 314

Pump, Deane double plunger, 286

, direct-acting, raising water 400 yards at

Pendlebury Colliery, 221

for diamond boring, 13

, horse, objection to, 301

, Moore’s hydraulic, 300, 301

-rods, or spears, 279, 280

Pumping engine and pumps at Pemberton

Colliery, 212

Pumping engines, above and underground,

advantages of, 296, 315

engines, calculations of powers, 307—310

Pumping engine, Cornish, 286— 293

Davey’s compound differential, 294—296

differential underground, 296, 297

hydraulic, 299—301

worked by compressed air, 299

Worthington, coal consumption, 299

, compound, 297—299

Pumping plant, electrical, 302

Pumps, action of lifting set, 315

,
arrangement of lifts, 281

at Risca Colliery, water raised by, 177

, compartments in shafts for, 282, 283
-—— ,

lifting and forcing sets, 277—282

, memorandum and formulae, 305—307

, reason for a series of lifts, 310, 31

1

,
sinking arrangement of, 283—286

—— ,
water raised at Cowdenbeath Collieries,

232

Tumps, wire-rope system, 301

Punching boiler plates, 92

Punch-props, for a sinking shaft, 26

Pyrites or sulphuret of iron, 325

QUICKSANDS, sinking through by means

of cast-iron cylinders, 32

, sinking through by means of piles, 30—32

, sinking through by Poetsch’s system, 32,

33

13 ADSTOCK Collieries

—

branching to win coal, 226, 227

carting boys and twin boy’s duties,

227, 228

distance apart of roads, 227

geological features, 225, 226

longwall working of, 225—229

timbering at the face, 227

Rails, double line of, on main horse-roads, 245

, for securing roof at Pendlebury Colliery,

222

laid in underground roads, 244

on self-acting incline, 245, 246

Railways necessary for collieries, 143

under screens, gradient for, 60

Ramean’s catch for bank-head, 246

Rammers for a sinking shaft, 24

Recess for blow-off cock, 103

Recommendations to reduce the number of

casualties from falls, 542

Regulations issued at Cannockwood Pits as

to distance props are to be set apart, 209,

210

Regulators for airways, 346

Relationship between pressure and temperature

of steam at moderate pressure above atmo-

sphere, 70

Relative sizes of upcast and downcast shafts,

347 , 348

Repairing broken wire- ropes, 58

Richard’s indicator, 514, 515

indicator for continuous diagrams, 519

Richmond coal-field, Virginia, 7

Riddles used by colliers at Lundhill Colliery,

189

Ring-crib in a sinking shaft, 28
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Risca Colliery

—

arrangement of shifts, 177

building walls with stones from the surface,

178

coal sent out by colliers, 1 78

cost of timber and timbering, 178, 179

dip of Black Vein, 177

longwall working, 177—179

output, cages, trams and guides, 177

particulars of timber used, 1 78, 1 79

particulars, size and depth of shafts, 177

section of Black Vein, 177

subsidence of roof, 1 78

ventilator and ventilation, 177

water pumped, 177

Riveting boilers, different methods of, 91

by machinery, 93
Rivets, material for, 92, 93

, shape of, for boilers, 90

Roburite, 479, 480

Rock, 540

and coal perforators, Macdermott’s, 483,

484

beds, formation of, 1, 2

-drill, Ingersoll hand-power, 484, 485

drill, Ingersoll machine-power, 487—490

masses, elements of, 540

masses, scale of hardness of, 540

Rocks, temperature of, in descending, 331

Rods for boring, 12

Rod-wrenches for boring, 12

Rolls, 512

Root’s ventilator, 338

Rope-gradient, calculation of, 535

Ropes

—

breaking strain and working loads of ropes,

tables of, 56, 57

capping, 51—54
duration of, 51

repairing when broken, 58

safe working loadand breaking strain, 50,51

splicing, 58, 59
Wilkins & Co.’s observations on, 54, 55

wire, kinds used, 50

Rounders for boring, 1

1

Royle’s automatic return steam trap, 138

Rule for heating and grate surface of boiler,

134

, maximum safe working pressure, 134

to ascertain size of drum for winding

engine, 6

1

to find load on a safety-valve, 133

to find number of boilers required for

a colliery, 135

Rules for winding engines, 65—67

to ascertain nominal H.-P. of engines

86, 87

Runner for a sinking shaft, 25

for boring, 1

1

c ADDLEBACK, 2

Safety cages, 44, 45

Safety-catches for pump rods, 280

-hooks, 551

Safety-lamps, 547—550

Clanny, 445
Clifford, 450—452

cost of oil for, 453
cryptograph lock, 453
Cuvelier’s patent lock, 453—455

Davy, 444, 445

electric, 456—458

Evan Thomas’s, 449, 450

examining and testing, 455, 456

Gray, 447

Hepplewhite-Gray, 447, 448

Marsaut, 448, 449

McKinless’ gauzeless, 452, 453

Morgan’s, 445

Mueseler, 449

Patterson’s testing apparatus, 456

Pieler, 445—447
precautions where used with candles, 389

Protector, 445
reserves in the workings, 456

unsafe velocities for, 390

used at Cannockwood Pits, 208

Safety-valve (Lever) for boilers, 104

Salt, rock formation found in, 540

Sand-cartridges, 479
Sandwell Park Colliery sinking, 20

Saturated steam, 71

Scales, 436

for plotting surveys, 419

Scalloping coal at Wearmouth Colliery, 196

Scarfed joint for pump-rods, 279

Schaffer diaphragm-gauge, 526

Schladebach bore-hole, depth of, 16

Schiele ventilator, 340—342
Scraper, 479

for a sinking shaft, 24

Scroll drum, weight of, at Pemberton Colliery,

211

Seale’s patent water purifier, 130

Seams, proved in the Lundhill Pits, 186



INDEX.5;o

Seams, thick

—

working at Dombrowa where highly in-

clined, 236—238

by longwall and post and stall, 240

by square-work, 236

in Bohemia, 240

in Upper Silesia, 238—240
Seams, thin

—

longwall method most suitable for, 234

, No. 1, in Northern France, 234

, No. 2, in Northern France, 234, 235

, No. 3, in Northern France, 235, 236

Seams worked at Cowdenbeath Collieries, 232

Search for coal in Kent, 20—22

for coal south of the Mendips, 22, 23

for coal under the “Red Rocks” in South

Staffordshire, 19, 20

Seating blocks, 99
supporting width of, 98

Seating boilers, details of, 98

objects to be aimed at, 97, 98
Section and quality of Orrell Five-feet Seam,

212, 213

of the Barnsley Bed at Barnsley, 18

1

of the Barnsley Bed at the Lundhill

Colliery, 186

of the Barnsley Bed at the South York-

shire Collieries, 183

of the Barnsley Seam at Kiveton Park

Colliery, 190

of the Black Vein at Celynen Colliery, 173

. of the Black Vein at Risca Colliery, 177

of the Deep Coal Seam at Cannockwood
Pits, 208, 209

of the Doe Coal Seam at Clifton Hall

Colliery, 215, 216

of the Dunfermline Splint Seam, 232, 233

of the Ell Coal Seam at Allanshaw Col-

liery, 230
-—- of the Five-quarters Coal Seam at Clifton

Hall Colliery, 218

of the Four-feet Seam at Cwmpark Pit, 179

of the Great Row Seam at Florence Col-

liery, 202

of the Great Row Seam at Great Fenton

Collieries, 206

of the Maudlin Seam at Silksworth Col-

liery, 197

of the Maudlin Seam at Wearmouth

Colliery, 196

of Ram’s Mine at Pendlebury Colliery,

221, 222

of the Top Hard Coal Seam at High Park

Colliery, 193

Section of the Trencherbone Seam at Clifton

Hall Colliery, 219

of the West Leigh Five-feet Seam at the

Sovereign Pit, 224

Securite, 481

Sediment-tube for diamond boring, 14

Seizer for self-acting inclines, 247, 248

Self-acting incline

—

bank-head stops, 246, 247

counterbalance, 251, 252

cut-chain, 249—251

particulars of, 245, 246

runaway tub stops, 248, 249

seizer, 247, 248

Self-lubricating pedestals for colliery tubs, 529

Semi-bituminous coal, 538

Separators and steam traps, 136—139

Set-off or apron for pumps, 278

Sets of timber and fixing them, 145, 146

Settle’s water-cartridge, 473—479 .

Shackle joints for connecting and disconnecting

ropes on engine planes, 255

Shaft bratticing for pumps, 282, 283

buntons walled in during the sinking, 26

-pillars, 158

, riding in up-cast at Pendlebury Colliery,

221

signals, 59, 60

Shafts

—

circumstances which decide thtir size and

site, 24

depth and size of at Silksworth Colliery,

197

depth to and of blind pit between seams

at Pemberton Colliery, 212

depth to Maudlin and Hutton seams at

Wearmouth Colliery, 196

depth to Orrell Five-feet and Arley Seams

at Pemberton Colliery, 212

method of keeping vertical in sinking, 24

number and depth of at Cannock and

Rugeley Collieries, 208

and depth of at Celynen Colliery,

174

particulars of at Clifton Hall Colliery,

215

of at Cwmpark, Ocean Collieries, 1 79
of at Pligh Park Colliery, 191

of at Kiveton Park Colliery, 190

of at Lundhill Colliery, 186

of at Pemberton Colliery, 21

1

of size and depth at Risca Colliery,

177

of at Sovereign Pit, 223
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Shafts {continued)

—

particulars of at Wearmouth Colliery, 195

shape of, 24

of in Scotland, usually, 230

size and depth to Ell Coal, Allanshaw Col-

liery, 230

of and depth at Florence Colliery,

200

of and depth at Great Fenton Col-

lieries, 205, 206

of at Radstock Collieries, 229

, shape and depth at Cowdenbeath

Collieries, 232

Shear legs for diamond borings, 13

Sheave used on engine planes for roads of

different curves, 255

Shell auger for boring, 12

, boiler construction, 93

joints for boilers, construction, 90
Shifts, arrangement of at Risca Colliery, 177

Shoe-nose shell for boring, 1

2

Shot-firing by fireman, method of, 378

Shots, charging, stemming, and firing, 471

—

473

, with nitro-compounds, effect of, 470
Shovels for a sinking shaft, 24

Shuts, fans, or keeps, 41

Signalling on engine planes, 264, 265

on inclines, 246

Signals in shaft, 59, 60

Signal warnings on engine planes, 254

Silksworth Colliery

—

cost per ton of timber, 200

dip of seams, 197

duties of deputies, 200

furnace area and ventilation, 197

methods of working the pillars, 200

output and sizes of engines, 197

particulars, depth and size of shafts, 197

of timbering, 200

pillar and stall method of working, 197

—

200

price for taking out props, 200

paid colliers in the broken mine, 200

section of the Maudlin Seam, 197

size of pillars and openings, 197

Sill under prop, 145

Silurian system, 4
Single engines, 72

road stall method of working, modifica-

tion of, 170—172

road stall method of working, usual, 168

—170

Sinking arrangement of pumps, 283—286

Sinking shaft

—

cast-iron cylinders for quicksands, 32

combined wedging and ring-crib, 28

explosives used, 39

guides and slide-carriers for, 27, 28

machine rock-drills for, 30

means of preserving the tubbing, 29

metal tubbing for, 28—30

mode of ventilating, 27

piling through quicksands, 30—32

Poetsch’s freezing system, 32, 33

ring crib for, 28

sinking through heavily watered strata by

the Kind-Chaudron system, 33 —39
walling crib for, 26

wedging crib for, 28

Sinking shaft tools and requisites

—

bull, 24, 25

cartridges, 24, 25

drills, 24, 25

fuse, 24, 25

hacks or picks, 24, 25

hammer, 24, 25

jumper, 24, 25

kibbles or bowks, 24, 25

scraper, 24, 25

shovels, 24, 25

sledges, 24, 25

spring-hook, 24, 25

stemmers or rammers, 24, 25

swabstick, 24, 25

water-kibble, 24, 25

wedges, 24, 25

Sledges for a sinking shaft, 24

Sleepers, particulars of for underground roads,

244

Slide-rod, cause of its motion, 79

Sliding wind-bore, 283—285

Slips, 3

Sludger for boring, 10

Smith and Moore’s lime cartridges, 481, 482

Smith’s steam sentinel, 140, 141

Soap-cartridges, 479
South Staffordshire coalfield, peculiarities of,

208

Sovereign Pit

—

coal sent out by colliers, 225

cost of timber per tort, 225

dip of strata, 223

explosive nature of the gas, 223

gas from coal below the workings, 223

longwall method of working, 224, 225

number of colliers, horses, etc. employed,

225
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Sovereign Pit {continued)

—

particulars of shafts, 223

of winding engines and ropes, 223

of working, 224

pressure shown by gas at gauge, 223

prices for and particulars ofpacks built, 225

paid for pit-timber, 225

paid to colliers, 225

section of the West Leigh Five-feet Seam,

224

sprags at the face and timbering, 224

ventilator, engine and ventilation, 223

Spears or pump rods, 279

Specific gravity, 319

Sperenberg bore-hole, depth of, 16

Spiral or scroll drum for winding, 61, 62

worm for boring, 12

Splicing wire ropes, 58, 59
Splitting the air, quantities with a given power,

375, 393
Splitting the air, quantities with a given

pressure, 262, 263

Spring-dart for boring, 12

-hook for a sinking shaft, 25

Stage and its fittings, 60, 61

Stalls, number of, at the High Park Colliery,

193

Stanley’s coal-heading machine, 493
Staples (drop), 493, 494
Steam-brake, automatic, 551

-crown, or stop-valve for boilers, 105

engine, object and size of flywheel, 78

gauge, for boilers, 105

, high and lower pressures of, 69, 70

indicators, 513—521

, initial, mean, and terminal pressure, 77

-jet for ventilation, 334
, latent heat of, 7

1

Steam-pipe, calculation of size for engines, 142

connection with boiler, 107, 108

with boiler (approved) 109— 1 1

1

with boiler to be avoided, 109

velocity of steam in, 135, 136

Steam, saturated, superheated, and wet, 71

traps and separators, 136—139

Steel tube gauge, 524, 525

Stemmers or rammers for a sinking shaft, 24

Stemming, charging and firing shots, 471—473
Stevens mine, 8

Stoppings for ventilation, 346

Stop, steam or crown valve for boilers, 105

Stops for runaway tubs on inclines, 248, 249

Storage of timber in lengths in the pit, 144

Storing the timber on the surface, 1 5

1

Strapping-plates for pump rods, 279, 280

Stratified rocks, 1

division of, 3

Stratum, ascertaining its true thickness, 16, 17

Stretchers, 551

.Strike, 2

Stringing deals for a sinking shaft, 26

Struve ventilator, 334, 335

Stuffing boxes, object of, 79

Subsidence of roof at Cwmpark Pit, 181

of roof at Risca Colliery, 1 78

of roof, point of extreme at High Park

Colliery, 195

Suction-piece or wind-bore, 278

Sulphuret of iron, or pyrites, 325

Sulphuretted hydrogen or hydrogen sulphide,

325> 326

hydrogen, how to produce experimen-

tally, 326

Sump, 40

Superheated steam, 71

Supervision of boilers by experts, 130

Survey-book form, 419, 420

Survey, method of plotting, 422, 423

method of tying, 423—425

Surveying—
adjustments of the level, 399—401

base and height of inclined plane calcu-

lated, 439
calculation of a driving between two

shafts, 441

of cutting in a heading, 438, 439
of direction of main levels, 442, 443
of radius of a circle, 442

connecting the colliery workings with the

surface boundaries, 435, 436

contour lines, 421, 422

colliery plans, 421, 422

colouring colliery plans, 425, 426

Davis’s clinometer, 430, 431

declination of the needle, 413

determination of needle variation, 431

dip of the needle, 414

driving to air-shaft, 431

estimate of quantity of coal, 436, 437
per centage of pillars, 437

yield of coal seam, 437

estimating areas and yield of coal, 425, 426

form of survey-book, 419, 420

forms of levelling-book, 402—407

Gunter’s chain, 396

Hoffman joint, 410

levelling- staves and levelling underground,

433—435
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Surveying (<continued)

—

making geological sections, 429—431

meridian precautions to be taken, 436

method of finding the true meridian, 432,

433

of making a check survey, 439—441

of plotting a levelling, 425

of plotting the survey, 422, 423

of tieing a survey, 423—425

with loose and fast needle, 41 1—413

miner’s dial, 409, 410

obtaining horizontal measurement, 397

operation of levelling, 398, 399
ordnance bench marks, 399
parallel ruler, 418, 419

present magnetic variation, 436

prevention of errors on plan through mag-

netic meridian on it, 431, 432

protractor, 418

scales for plans, 419, 436

setting out curves, 426—429

shifting arrangement in the diaphragm of

telescope of level to do away with the

necessity of measuring distances, 406

—

409

sketching bearings roughly, 435

spirit-level, 397—401

tape, 397

transferring horizontal angles to needle

bearings, 421

transit theodolite, 414, 415

theodolite, adjustments of, 416

—

418

theodolite, method of using, 415, 416

traverse tables, 437, 438

vernier, 438

Swab-stick for a sinking shaft, 24

Symbols, 320

Synclinal, 2

Syphon, connected with pit pumps, 304, 305

, working in a mine, 303, 304

Syphons, principle of, 302, 303

/T''ABLES of breaking strains and working
A loads of ropes and chains, 56, 57

Table of heights of chimneys for boilers, 1 1

7

of relative strengths of the different forms

of riveted joint, 96

Tail-rope haulage, 254—256

Tamping plug (Johnson’s), 471

Tamping rod, 479
with wet moss, 479

Tangye’s steam trap and separator, 136, 137

Tape for measuring, 397

Temperature and pressure of steam calcula-

tion, 75, 76

of rocks in descending, 331

Terminal pressure of steam, 77

Tertiary system, 7, 8

Testing boiler plates, 91

the roof, 512

Theodolite transit, 414, 415

adjustments of, 416, 418

method of using, 415, 416

Thermal unit, 71

Thermometer, 348, 349

Thompson indicator, 519—521

Throws, 3

Thrust, 164

Tightening arrangement for No. I system of

endless rope, 256

Timber

—

cost of at Allanshaw Colliery, 231

cost of at Clifton Hall Colliery, 218

cost of at Cwmpark Pit, 181

cost of at Pendlebury Colliery, 223

cost of at Risca Colliery, 179

cost of at Sovereign Pit, 225

cost of per ton at Cannockwood Pits,

211

cost of per ton at Cowdenbeath Col-

lieries, 234
cost of per ton at Silksworth Colliery, 200

cost of per ton at Wearmouth Colliery,

196

creosoting to preserve, 152

dog used for setting at Florence Colliery,

205

drawing at Allanshaw Colliery, 232

drawing by bar and chain at Cannock-

wood Pits, 2 1

1

by dog and chain at Great Fenton

Collieries, 207

by dog and chain at Lundhill Col-

liery, 189

in the Five-quarters Seam, Clifton Hall

Colliery, 218, 219

in the pillar workings at Allanshaw Col-

liery, 232

in the thin - seam working, Northern

France, 236

in the Trencherbone Seam, Clifton Hall

Colliery, 221

kinds of and sizes at collieries, 144
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Timber
(continued)

—
methods of repairing at the Florence

Colliery, 205

on main roads at Cowdenbeath Collieries,

234

price paid for at Celynen Colliery, 176,

177

prices of pit-timber at Pemberton Col-

liery, 215

paid for at Cowdenbeath Collieries,

234

paid for pit-timber at the Sovereign

Pit, 225

props and lids at Wearmouth Colliery,

196, 197

set by collier at Cowdenbeath Collieries,

233, 234

size of sets at Wearmouth Colliery, 196

storage in the pit in lengths, 144

storing on the surface, 151

used at Cwmpark Pit, 180

at Risca Colliery, 178, 179

in the Doe Coal Seam, Clifton Hall

Colliery, 217

withdrawn at Radstock Collieries, 228

Timbering roadways

—

a bad roof and sides with a good floor,

147, 148

a bad roof and side with a good floor and

side, 147

a bad roof, sides and floor, 148

a bad roof with good sides and floor, 146,

147

a loose stone, 150, 15

1

at the face, Allanshaw Colliery, 230, 231

at the face, Cannockwood Pits, 210

at the face, cost of at Kiveton Park

Colliery, 19

1

at the face, Great Fenton Collieries, 206,

207

at the face, Pemberton Colliery, 213—215

at the face, Radstock Collieries, 227

at the face, Sovereign Pit, 224

at Florence Colliery, 202—204

at High Park Colliery, 193—195

at Pendlebury Colliery, 222, 223

at Risca Colliery, 178, 179

at Silksworth Colliery, 200

cogs or chocks, 148

collars and flats, 146

cost at Celynen Colliery, 176, 177

customs of setting and drawing, 152

distance separating sets of timber, 148

dog for drawing timber, 145

!
Timbering roadways

(
continued)

—

in France, 148, 149

in the pillar working, Pemberton Colliery,

214, 215

Egging °f branches of trees and brush-

wood, 148

(usual), 147

lid over prop, 144

main roads at Cannockwood Pits, 21

1

roads at Great Fenton Collieries,

207

method at Celynen Colliery, 175, 176

notching the timbers, 150, 151

sets of timber and fixing them, 145,

146

sill under prop, 145

under top beds of coal, 152

Tippler, tumbler, or kick-up, 60

Tonite, 469
I Topit for boring, 1

1

Topples, taking the coal down at Radstock

Collieries, 228

! Traverse tables, 437, 438

j

Trees, posts, or props—method of fixing, 144

i Trepan used in Kind-Chaudron system, 34
Trias or new red sandstone system, 6, 7

Trilobite, 4

j

Trigger for direct-haulage, 253

j

Troubles, 3

Trough, 2

|

True fissure vein, 540

Tub, carrying capacity of, 245

;

changing in cages, 494

;

for collieries, construction of, 244, 245

friction, how to calculate, 274, 275

j

-greaser, automatic, 528, 529

with fork for endless chain haulage,

263

Tubbing for a sinking shaft, 29, 30

in shaft, lining for, 29

-, mode of in Kind-Chaudron system, 38

shafts in the Somersetshire coal-field,

226

Tubs at Allanshaw Colliery, 230

at Cannockwood Pits, 208

at Celynen Colliery, 174

at Cwmpark Pits, 179

I

at Risca Colliery, 177

at Wearmouth Colliery, 195

,
attachment of, to endless ropes, 260

, modes of securing in cage, 41, 42

,
self-lubricating pedestals for, 529

Tumbler, tippler or kick-up, 60

Twinboys, 228
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T T NCONFORMABLE strata, 2

^ Underground dams, 508—510'

fires, 51 1, 512

Units of work, 6

9

Unstratified rocks, 1

Upcast shaft, calculation of diameter, 386

shaft, calculation of temperature, 385

Upper coal measures, 5

7ACUUM and pressure gauges, 521—526

* Valve-gear, Davey’s differential, 291

—

293

gear, Joy’s, 82, 83

Valves for pumps, single and double beat,

281

Vancouver Island coal-field, 7

Veins, 3, 540

Velocity of steam in the pipes, 135, 136

of the air in ventilation, 347
Ventilating a sinking shaft, 27

bank workings at Lundhill Colliery,

184— 186

pressure required to put air in motion,

353
Ventilation

—

air-crossing, 347
air measuring by the use of gunpowder,

348

splitting, 345, 346

airways of equal perimeter but different

areas, 380

anemometer, 348

ascensional, 345

at Allanshaw Colliery, 230

at Cannockwood Pits, 208

at Celynen Colliery, 174

at Clifton Hall Colliery, 215

at Cowdenbeath Collieries, 232

at Kiveton Park Colliery, 190

at Lundhill Colliery, 186

at Pemberton Colliery, 212

at Risca Colliery, 177

at Silksworth Colliery, 197

at Sovereign Pits, 223

at Wearmouth Colliery, 195

barometer rules, 349—351

best form of airway, 358

blower of gas, dealing with, 378

by furnace, 332—334
by machinery, 334—345
by steam jet, 334

Ventilation {continued)

—

by waterfall, 334
calculations

:

airways of equal perimeters but dif-

ferent areas, 380

altered quantity of air for increased

power, 373, 378

area of airway to pass a certain

quantity of air with a given power,

381—383
barometer reading at pit bottom, 351

379
comparison of friction in airways,

389

contents of goaf and escape of gas

therefrom, 350

feet of flame from exploding gas,

390

driving levels without showing cap

on lamp flame, 383

efficiency of fans, 354, 379

enlarging airway and adding an air-

way for increase of air, 370,

371

airway for increase of air, 366

—

368

airway in circular form for in-

crease of air, 368, 369

airway in rectangular form for

increase of air, 369

fan speed with altered water-gauge,

394
friction in airways, the air being at

different velocities, 380, 389

horse powTer of ventilation, 376, 393

power of ventilating engine, 380

power to produce ventilation,

385

increase of air by adding a fan, 379

of air from doubling the depth

of shaft, 379

increased power for altered quantity

of air, 373, 376—378
quantity by adding an airway,

386, 387

length of airway, 389

motive column, 352, 353, 385, 386

quantities of air by furnace and fan

combined, 373

of air by furnace and steam jet,

376

of air by steam jet and fan, 387

of air from fan of given size,

390—392
w
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Ventilation {continued)

—

calculations {continued) :

quantities of air from fans of given

horse power, 390

quantity of fresh air necessary to

dilute gas, 384

quantity of fresh air to be added to

prevent a cap, 384

quantities in different sized airways,

374, 388, 390-393
of air in roadways, 358—362,

365, 366

of air in splits with a given

power, 375, 393
of air in splits with a given

pressure, 362, 363

quantity of air with altered water-

gauge, 365

relative powers for equal quantities,

373, 374
rules for relative powers, 375

sizes of regulators to pass equal quan-

tities of air, 363, 364

of roadways to pass equal

quantities of air, 363, 371, 372,

387

size of shaft for a given quantity and

velocity of air, 380, 386

temperature of upcast shaft, 385.

386

theoretical water-gauge of centrifugal

ventilator, 354, 355, 391

time of air current in passing round

an airway, 384

taken to clear gas out, 383,

384

velocity of air in upcast and down-

cast shafts, 383

volume of air for a stated number of

miners, 356

of air for change of temperature

and pressure, 318, 354

water-gauge due to shaft depths and

temperatures, 384, 385

-gauge in airways of different

size, 380, 381

-gauge with altered fan speed,

393, 394

weight of air, 349—35

1

Capell fan, 342—344
co-efficient of friction for roads and shafts,

377

Cooke’s ventilating machine, 336—338

current required in a mine, 355, 356

Ventilation (continued)

—

doors, 346, 347
efficiency of fans, 379
equivalent orifice, 355
Fabry ventilator, 336

firemen’s duties and method of shot-firing,

378

for mine giving off CH„ and C02 , 394,

395

Guibal fan, 338

Lemielle ventilator, 336

medium fan, 344

natural, 331

Nixon’s ventilator, 335

orifice of passage, 355

points in a fan to supersede furnace,

392

power to overcome friction, 358

precautions where candles and lamps are

used, 389

pressure to overcome friction, 357

regulators, 346

relative size of upcast and downcast shafts,

347, 348

Root’s ventilator, 338

rule to ascertain motive column, 352,

353

rules for relative powers, 375

Schiele fan, 340—342
stoppings, 346

Struve ventilator, 334, 335

thermometer, 348, 349

velocity of the air, 347

Waddle fan, 339, 340

water-gauge, 351

Ventilator at Allanshaw Colliery, 230

at Cannockwood Pits, 208

at Celynen Colliery, 174

at Clifton Hall Colliery, 215

at Cowdenbeath Collieries, 232

at Florence Colliery, 202

at High Park Colliery, 19

1

at Pemberton Colliery, 212

at Risca Colliery, 177

at Sovereign Pits, 223

auxiliary placed in-bye, 348

centrifugal, thoretical volume of air and

water-gauge of, 354, 355

useful effect of, 353, 354

Ventilators, centrifugal, principle of action,

344, 345

Vernier, 438

Vertical boilers, 124

Vertical engine, 72
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Y\TADDLE ventilator, 339, 340
v v Walling curb for a sinking shaft, 26

Walling

—

convenient time for the work, 156, 157

elliptical arch, 1 54

horse- shoe arch, 154

iron centres for arches, 155

materials used, 1 53

method of constructing, 154, 155

mortar used, 157

preventing use of open lights over arches,

J 55> 156

removing timber for, 1 54

sand packing for arches, 157

semi-circular arch, 153

-circular arch with invert, 153, 154

underground roadways, where chiefly re-

quired, 152, 153

where both sides and the roof are bad, 153

where one side and the roof are bad, 153

where the roof and floor are good, 153

where the roof, floor and sides are bad,

x 53> 154

Want, 512, 513

Warming surface buildings by steam, 133

Water-barrels, calculation of, 314, 315

-blasts, 510

Water, calculation ofpressure against barrier, 535

-cartridge cases, 475
-cartridge, Settle’s, 473—479
-cartridge supports, 478

Waterfall for ventilation, 334
Water-gauge due to shaft depths and tempera-

tures, 384, 385— 'gauge, 351

calculation of in airways of different size,

380, 381

of fan speed from altered water-

gauge, 394
of for altered quantity, 392—— of from increased fan speed, 393

-gauge for boilers, 104

-gauge, proper position of, 142

Watering roadways of a colliery, 466, 467

Water, impurities in, 125, 126

kibble for a sinking shaft, 25

-level in boilers, 107

-levels, rise for, 158

-levels, cross-holings connecting, 1 59

-levels, how driven, 158

purifier (Seale’s), 130

required for boiler, 1 33

, salty nature of, in workings of the

Wearmouth Colliery, 197

Water, treatment for boilers, 126— 128

Watt’s Indicator, 513, 514

Wayleave, 535
Wealdon strata, 7

Wearmouth Colliery

—

cost per ton of timber, 196

depth to Maudlin and Hutton Seams, 196

distance from shafts to working faces, 196

furnace and boiler fires, 195

per-centage of coal passing through the

screens, 196

pillar and stall method of working, 195

—

197

price paid collier in the wrhole mine, 196

price paid timber-men, 197

props and lids, 196, 197

salt-water in workings, 197

scalloping the coal, 196

section of the Maudlin Seam, 196

shafts and output, 195

size of headways and bords, 196

size of sets of timber, 196

system of haulage and ropes required, 196

tubs and cages, 195

ventilation, 195

Wedge, Burnett’s, for coal-getting, 482, 483

Wedges for a sinking shaft, 24

Wedging crib for a sinking shaft, 28

Wet steam, 71

Wicket system working in North Wales, 18

1

Wimble for boring, 10

Wind-bore or suction-piece, 278

-bore (sliding), 283—286

Winding-engine, calculation of weight it is

capable of raising, 76, 77

cone and spiral drums, 61, 62

counterbalance by cone or scroll drum, 62

counterbalancing by rope balance, 64

counterbalance chain, 64, 65

details of construction, 62— 64

kinds in use, 61

pendulum counterbalance, 64

position of brake, 77, 78

provision for removing condensed water

from cylinders, 77

rules for winding engines, 65, 66

slide and Cornish valves for, 62

sketch and description of chief parts, 79
winding indicator, 83, 84

Winding gear, Craven’s, 84, 85

, Kcepe system, 85, 86

water, calculation of engine, 315
water, disadvantage of, 277

Windlass for boring, 9, 10

C.M.H. P P
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b
Working barrel, 278, 285

Working coal

—

advantages of longwall method, 162

at Allanshaw Collieries, by pillar and

stall, 230—232

at Cannockwood Pits by longwall, 207

—

21

1

at Clifton Hall Colliery by pillar and I

stall, 215—221

at Cowdenbeath Collieries by longwall,

232—234
at Florence Colliery by longwall, 200

—

205

at Great Fenton Collieries by longwall,
j

205—207

at High Park Colliery by longwall, 19

1

-195
at Kingswood Collieries by longwall,

229, 230

at Kiveton Park Collier'es by longwall,

190, 191

at Pemberton Colliery by longwall, 21

1

—215
at Pendlebury Colliery by pillar and stall,

221—223

at Ocean Collieries by longwall, 179— 18

1

at Radstock Collieries by longwall, 225

—229
at Risca Colliery by longwall, 177— 179

at Silksworth Colliery by pillar and stall,

197—200

at Sovereign Pit by longwall, 223—225

at Wearmouth Colliery by pillar and stall,

195

—

I97

bank system of South Yorkshire, 181—
186

bord and pillar, Lundhill Colliery, 186

—

190

Working coal

—

by longwall, 162—164

by post and stall, 164—168

circumstances favourable to longwall,

162

favourable to post and stall, 162

double road stall method, 172, 173

road stall method at Celynen Col-

liery, 174— 177

explanation of arrows, &c., on plans,

168

North Wales wicket system, 181

single road stall system, modification of,

170— 172

road stall system, usual, 168— 170

thick seams at Dombrowa, 236—238

seams in Bohemia, 240

seams in Upper Silesia, 238—240

seams, ordinary methods, 240
-—— seams, square-work working, 236

thin seams by longwall No. I, 234

seams by longwall No. 2, 234, 235

seams by longwall No. 3, 235, 236

Working-face, distance to, from shafts at

Wearmouth Colliery, 196

Worm auger for boring, 12

Worthington compound pumping engine, 297—
299

coal consumption by, 299

Y OREDALE rocks, 5

^IG-ZAG riveting, boilers, 91, 92

THE END.

BRADBURY, AGNEW, & CO. LIMD., PRINTERS, WHITEFRIARS, LONDON.
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THE

CORRESPONDENCE LESSONS
OF

THE UNIVERSAL
MINING SCHOOL,

DERBY, ENGLAND,

Conducted by T. A. SOUTHERN,
Consulting Mining Engineer, late H.M. Inspector of Mines, Lecturer on

Mining to the County Council of Notts., etc., etc.,

ARE

THE BEST POSSIBLE MEANS OF PREPARING

FOR THE EXAMS. FOR MANAGERS AND UNDER-MANAGERS,

AND ALSO FOR

ASSISTANT INSPECTORS OF MINES.

Several of the present staff of H.M. Assistant Inspectors are former Students of the

U.M.S. One recently appointed was, a few years ago, a timberman in South Wales and then

in Scotland ;
he joined the U.M.S. in 1887, and was one of its most persevering Students.

Many of the highest mining appointments at home and abroad are held by former Students

of the U.M.S. The U.M.S. has Students at every large colliery in the United Kingdom, and

in all parts of the World. Distance is no obstacle.

Elastic system. Every Student dealt with individually and separately. Students may join

at any time, and may spread the lessons over as long a time as they like
,
without extra charge.

The Students of the U.M.S. are unanimous in declaring (as shewn by hundreds of

testimonials) that its Correspondence Lessons are very much BETTER THAN BOOKS.

Write for the PROSPECTUS to—

T. A. SOUTHERN,
THE UNIVERSAL MINING SCHOOL,

DERBY.
All the principal Mining Engineers are now having their Articled

Pupils and Assistants enrolled, as Students of the U. M. S.
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WORKS suitable for COAL MINING STUDENTS
Published by CROSBY LOCKWOOD & SON,

(PUBLISHERS OF THE “ COLLIERY MANAGER'S HANDBOOK).

NOTES AND FORMULA FOR MINING STUDENTS.
By John Herman Merivale, M.A., Certificated Colliery Manager, and Professor of
Mining in the Durham College of Science, Newcastle-upon-Tyne. Third Edition, revised.

Small Crown 8vo. Price 2s. 6d. cloth.

A RUDIMENTARY TREATISE ON COAL AND COAL
MINING. By the late Sir Warington W. Smyth, M.A., F.R.S., Chief Inspector of

the Mines of the Crown and of the Duchy of Cornwall, Lecturer at the Royal School of
Mines. With Illustrations. Seventh Edition, revised and enlarged. Price 4^. cloth.

MINE DRAINAGE : being a Complete and Practical Treatise on Direct
Acting Underground Steam Pumping Machinery. By Stephen Michell. With numerous
Wood Engravings and Folding Plates. Octavo. Price 15^. cloth.

PUMPS AND PUMPING : A Handbook for Pump Users. Being
Notes on Selection, Construction and Management. By M. Powis Bale, M.I.M.E.
Second Edition, Revised. Crown 8vo. Price 2s. 6d. cloth.

STATIONARY ENGINE DRIVING: A Practical Manual for

Engineers in charge of Stationary Engines. By Michael Reynolds. Fourth Edition,

Enlarged. With Plates and Woodcuts. Crown 8vo. Price 4s. 6d. cloth.

A MANUAL OF MINING TOOLS. For the Use of Mine Managers,
Agents, Students, &c. By William Morgans. Price 3*. cloth.

ATLAS OF ENGRAVINGS to Illustrate the Manual of Mining Tools,
containing 235 Illustrations drawn to Scale. 4to. Price 4^. 6d. cloth.

THE MINERAL SURVEYOR AND VALUER’S COMPLETE
GUIDE. Comprising a Treatise on Improved Mining Surveying and the Valuation of

Mining Properties. By W. Lintern, Mining Engineer. Third Edition, with an Appendix

on Magnetic and Angular Surveying. With Four Plates. Price 3-y. 6d. cloth.

SUBTERRANEOUS SURVEYING, with and without the Magnetic
Needle. By Thomas Fenwick, Surveyor of Mines, and Thomas Baker, C.E. Illus-

trated. Price 35-. cloth.

THE COAL AND IRON INDUSTRIES OF THE UNITED
KINGDOM. By Richard Meade, Assistant Keeper of Mining Records. With Maps.

8vo. Price ^1 8*. cloth.

A TREATISE ON THE METALLURGY OF IRON : contain-

ing Outlines of the History of Iron Manufacture, Methods of Assay, and Analyses of

Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. Bauerman, F.G.S.,

Associate of Royal School of Mines, Assoc. Member of Institution of Civil Engineers.

With numerous Illustrations. Sixth Edition, revised and enlarged. Price 5«r. 6d. cloth.

A HANDBOOK ON MODERN EXPLOSIVES : a Practical

Treatise on the Manufacture and Application of Dynamite, Gun-Cotton, Nitro-Glycerine,

and other Explosive Compounds. By M. Eissler, Mining Engineer. With about One

Hundred Illustrations. Crown 8vo. Price ioj. 6d. cloth.

A POCKET-BOOK FOR MINERS AND METALLURGISTS.
Comprising Rules, Formulae, Tables, and Notes for use in Field and Office Work. By

F. Danvers Power, M.E., F.G.S. Fcap. 8vo, 400 pp. [Nearly ready.

*** Complete Catalogue (as at end of this volume) free on Application.

London: CROSBY LOCKWOOD & Son, 7, Stationers’ Hall Court, E.C.
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New Manual for Practical Engineers.

THE PRACTICAL ENGINEER’S HANDBOOK, Comprising d.

Treatise on Modern Engines and Boilers, Marine, Locomotive, and Stationary.

And containing a large collection of Rules and Practical Data relating to recent

Practice in Designing and Constructing all kinds of Engines, Boilers, and other

Engineering work. The whole constituting a comprehensive Key to the Board of

Trade and other Examinations for Certificates of Competency in Modem Mechanical
Engineering. By Walter S. Hutton, Civil and Mechanical Engineer, Author of

“The Works’ Manager’s Handbook for Engineers,” &c. With upwards of 370
Illustrations. Third Edition, Revised with Additions. Medium 8vo., nearly 500

pp M price i&f. Strongly bound.

VS’ This work is designed as a companion to the Author’s “ Works’ Manager”
Handbook.” Itpossesses many new and original features

,
and contains

,
like its prede-

cessor
,
a quantity ofmatter not originally intended for publication, but collected by the

Authorfor his own use in the construction of a great variety of Modern Engineering
Work.

The information is given in a condensed and conciseform ,
and is illustrated by up-

wards of 370 Woodcuts; and comprises a quantity oftabulated matter of great value to all

engaged in designing, constructing ,
or estimating for Engines, Boilers, and other

Engineering Work.
*** Opinions of the Press.

“ We have kept it at hand for several weeks, referring to it as occasion arose, and we have not on a
single occasion consulted its pages without finding the information of which we were in quest.”
Athenoeutn.

“ A thoroughly good practical handbook, which no engineer can go through without learning some-
thing that will be of service to him.”

—

Marine Engmeer.
“ An excellent book of reference for engineers, and a valuable text-book for students of engineer*

ing.”

—

Scotsman

.

“ This valuable manual embodies the results and experience of the leading authorities on mechanical
engineering.”—Building News.

‘‘The author has collected together a surprising quantity of rules and practical data, and has shown
much judgment in the selections he has made. . . . There is no doubt that this book is one of the
most useful of its kind published, and will be a very popular compendium.”

—

Engineer.
“ A mass of information, set down in simple language, and in such a form that it can be easily referred

to at any time. The matter is uniformly good and well chosen, and is greatly elucidated by the
illustrations. The book will find its way on to most engineers’ shelves, where it will rank as one of the
most useful books of reference.”

—

Practical Engineer.
“ Full of useful information, and should be found on the office shelf of all practical engineers.”—

English Mechanic.
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Handbook for Works’ Managers.
THE WORKS' MANAGER'SHANDBOOKOFMODERN RULES,
TABLES

,
AND DATA. For Engineers, Millwrights, and Boiler Makers;

Tool Makers, Machinists, and Metal Workers ; Iron and Brass Founders, &c. By
W. S. Hutton, Civil and Mechanical Engineer, Author of “The Practical En-
gineer’s Handbook.” Fourth Edition, carefully Revised and partly Re-written. In
One handsome Volume, medium 8vo, price 15^. strongly bound. [Just published.

The Author having compiled Rules and Datafor his own use in a great variety
op modern engineering work

, and having found his notes extremely useful,
decided to

publish them—revised to date—believing that a practical work ,
suited to the DAILY RE-

QUIREMENTS OF MODERN engineers, would befavourably received.

Ln the Third Edition , the following among other additions have been made
,
viz .

:

—
Rulesfor the Proportions ofRiveted Joints in Soft Steel Plates ,

the Results of Experi-
ments by Professor Kennedv for the Institution of Mechanical Engineers—Rules
for the Proportions of Turbines—Rules for the Strength of Hollow Shafts of Whitworth'

s

Compressed Steel, Sr’c.

%* Opinions of the Press.
“The author treats every subject from the point of view of one who has collected workshop notes for

application in workshop practice, rather than from the theoretical or literary aspect. The volume contains
a great deal of that kind of information which is gained only by practical experience, and is seldom written
in books.”

—

Engineer.
“ The volume is an exceedingly useful one, brimful with engineers’ notes, memoranda, and rules, and

well worthy of being on every mechanical engineer’s bookshelf.”—Mechanical World.
“ The information is precisely that likely to be required in practice. . . . The work forms a de-

sirable addition to the library not only of the works manager, but of anyone connected with general
engineering.’ ’

—

Mining Journal.
“ A formidable mass of facts and figures, readily accessible through an elaborate index. . . . Such

a volume will be found absolutely necessary as a book of reference in all sorts of * works ’ connected with
the metal trades.”

—

Ryland's Iron Trades Circular.

“Brimful of useful information, stated in a concise form, Mr. Hutton’s books have met a pressing
want among engineers. The book must prove extremely useful to every practical man possessing a
copy.”

—

Practical Engineer.

Practical Treatise on Modern Steam-Boilers.
STEAM-BOILER CONSTRUCTION. A Practical Handbook for

Engineers, Boiler-Makers, and Steam Users. Containing a large Collection of

Rules and Data relating to the Design, Construction, and Working of Modern
Stationary, Locomotive, and Marine Steam-Boilers. By Walter S. Hutton,
Civil and Mechanical Engineer, Author of “ The Works’ Manager’s Handbook,”
“ The Practical Engineer’s Handbook,” &c. With upwards of 300 Illustrations.

Ids’ This work is written in the same style as Mr. Hutton's other practical Hand-
books

,
which it is intended to supplement. It is in active Preparation and will

',

it is

expected, be ready in April.

“ The Modernised Templeton.”
THE PRACTICAL MECHANIC'S WORKSHOP COMPANION.
Comprising a great variety of the most useful Rules and Formulae in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for

Facilitating Mechanical Operations. By William Templeton, Author of

“The Engineer’s Practical Assistant,” &c. &c. Sixteenth Edition, Revised,

Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author of

“The Works’ Manager’s Handbook,” “The Practical Engineer’s Handbook,”
&c. Leap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illustrative

Diagrams, 6s., strongly bound for workshop or pocket wear and tear. [Just published.

*** Opinions of the Press.

“In its modernised form Hutton’s * Templeton ’ should have a wide sale, for it contains much
valuable information which the mechanic will often find of use, and not a few tables and notes which he
might look for in vain in other works. This modernised edition will be appreciated by all who have learned

to value the original editions of ‘Templeton.'”—English Mechanic.
“It has met with great success in the engineering workshop, as we can testify; and there arc a

great many men who, in a great measure, owe their rise in life to this little book.”

—

Building Nezvs.
“ This familiar text-book—well known to all mechanics and engineers—is of essential service to the

every-day requirements of engineers, millwrights, and the various trades connected with engineering

and building. The new modernised edition is worth its weight in gold.”

—

Building News, (beccnd

Notice.)
“ This well-known and largely-used book contains information, brought up to date, of the sort so

useful to the foreman and draughtsman. So much fresh information has been introduced as to consti-

tute it piactically a new book. It will be largely used in the office and workshop.”—Mechanical World.

“ The publishers wisely entrusted the task of revision of this popular, valuable, and useful book to

Mr. Hutton than whom a more competent man they could not have found.”—Iron.
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Stone-working Machinery.
STONE-WORKING MACHINERY

,
and the Rapid and Economical

Conversion of Stone. With Hints on the Arrangement and Management of Stone
Works. By M. Powis Bale, M.I.M.E. With Illustrations. Crown 8vo, 9-r.

“The book should be in the hands of every mason or student of stonework.”—Colliery Guardian.
“ It is in every sense of the word a standard work upon a subject which the author is fully com-

petent to deal exhaustively with.”

—

Builder's Weekly Reporter.
“ A capital handbook for all who manipulate stone for building or ornamental purposes.”

—

Machinery Market.

Pump Construction and Management.
PUMPS AND PUMPING: A Handbook for Pump Users. Being
Notes on Selection, Construction, and Management. By M. Powis Bale,
M.I.M.E., Author of “Woodworking Machinery,” “Saw Mills,” &c. Crown
8vo, 2s. 6d. cloth.

[
fust published.

“ The matter is set forth as concisely as possible. In fact, condensation rather than diffuseness
has been the author’s aim throughout

;
yet he does not seem to have omitted anything likely to be ot

use.”

—

Journal of Gas Lighting.
“ Thoroughly practical and simply and clearly written.”—Glasgow Herald.

Turning.

LATHE-WORK : A Practical Treatise on the Tools
,
Appliances ,

and
Processes employed in the Art of Turning. By Paul N. Hasluck. Fourth
Edition, Revised and Enlarged. Crown Svo, 5j. cloth. [fust published.
“ Written by a man who knows not only how work ought to be done, but who also knows how to do

it, and howto convey his knowledge to others. To all turners this book would be valuable.”

—

Engineering

.

“ We can safely recommend the work to young engineers. To the amateur it will simply be invalu-
able. To the student it will convey a great deal of useful information.”

—

Engineer.
“A compact, succinct, and handy guide to lathe-work did not exist in our language until Mr. Has-

luck, by the publication of this treatise, gave the turner a true vade mecumP—House Decorator.

Screw-Cutting.

SCREW THREADS : And Methods of Producing Them. With
numerous Tables and complete Directions for using Screw-Cutting Lathes. By
Paul N. Hasluck, Author of “Lathe-Work,” &c. With Fifty Illustrations.

Third Edition, Revised and Enlarged. Waistcoat-pocket size, u. 6d. cloth.

[fust published.
Full of useful information, hints and practical criticism. Taps, dies, and screwing- tools generally

are illustrated and their action described.”—Mechanical World.
“ It is a complete compendium of all the details of the screw-cutting lathe ; in fact a multum-in-

parvo on all the subjects it treats upon . ”—Carpenter and Builder.

Smith’s Tables for Mechanics, &c.

TABLES
,
MEMORANDA

, AND CALCULATED RESULTS,
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, &c.
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised and
Enlarged, with a New Section of Electrical Tables, Formula, & Memoranda.
Waistcoat-pocket size, is. 6d. limp leather. [Just published.

“
It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae to

suit all engineers as it would be to make a universal medicine
;
but Mr. Smith’s waistcoat-pocket col-

lection may be looked upon as a successful attempt.”

—

Engineer.
“The best example we have ever seen of 250 pages of useful matter packed into the dimensions of a

card-case.”—Building News. “A veritable pocket treasury of knowledge.”

—

Iron.

Engineer’s and Machinist’s Assistant.

THE ENGINEER'S, MILLWRIGHT'S
,
AND MACHINIST'S

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules, and Data.

ByWilliam Templeton. Seventh Edition, with Additions. i8mo, 2s. 6d. cloth.
“ Occupies a foremost place among books of this kind. A more suitable present to an apprentice to

any of the mechanical trades could not possibly be made.”—Building News.
“A deservedly popular work. It should be in the ‘ drawer ’ of every mechanic.”—English Mechanic.

Iron and Steel.
“ IRONAND STEEL" : A Workfor the Forge, Foundry, Factory

,
ana

Office. Containing ready, useful, and trustworthy Information for Ironmasters

and their Stock-takers ; Managers of Bar, Rail, Plate, and Sheet Rolling Mills ;

Iron and Metal Founders ; Iron Ship and Bridge Builders; Mechanical, Mining,
and Consulting Engineers

; Architects, Contractors, Builders, and Professional

Draughtsmen. By Charles Hoare, Author of “The Slide Rule,” &c. Eighth
Edition, Revised throughout and considerably Enlarged. 32mo, 6s. leather.

“For comprehensiveness the book has not its equal.”

—

Iron.
“ One of the best of the pocket books.”—English Mechanic.
“ We cordially recommend this book to those engaged in considering the details of all kinds of iron

and steel works.”—Naval Science.
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Engineering Construction.

PA TTERN-MAKING : A Practical Treatise
,
embracing the Main Types

of Engineering Construction and including Gearing, both Hand and Machine-made,
Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts,

Pumps and Cocks, the Moulding of Patterns in Loam and Greensand, &c.; together
with the methods of Estimating the weight of Castings

;
to which is added an Appen-

dix of Tables for Workshop Reference. By A Foreman Pattern-Maker.
With upwards of 370 Illustrations. Crown 8vo, 7s. 6d. cloth.

“ A well-written technical guide, evidently written by a man who understands and has practised
what he has written about We cordially recommend it to engineering students, young
journeymen, and others desirous of being initiated into the mysteries of pattern-making.”

—

Buiider.
“We can confidently recommend this comprehensive treatise.”

—

Building News.
“ Likely to prove a welcome guide to many workmen, especially to draughtsmen who have lacked a

training in the shops, pupils pursuing their practical studies in our factories, and to employers and
managers in engineering works.”

—

Hardware Trade Journal.
“ More than 370 illustrations help to explain the text, which is, however, always clear and explicit,

thus rendering the work an excellent vade mccum for the apprentice who desires to become master of his

trade.”

—

English Mechanic.

Dictionary of Mechanical Engineering Terms.

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE
PRACTICE OF MECHANICAL ENGINEERING

,
embracing those current

in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smiths’ and
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by
A Foreman Pattern-Maker, Author of “ Pattern Making.” Cr. 8vo, 7s. 6d. cl.

“Just the sort of handy dictionary required by the various trades engaged in mechanical engineer-
ing. The practical engineering pupil will find the book of great value in his studies, and every foreman
engineer and mechanic should have a copy.”

—

Building News.
“ After a careful examination of the book, and trying all manner of words, we think that the en-

gineer will here find all he is likely to require. It will be largely used.”

—

Practical Engineer.
“ One of the most useful books which can be presented to a mechanic or student.”—English

Mechanic.
“ Not merely a dictionary, but, to a certaih extent, also a most valuable guide. It strikes us as a

happyhdea to combine with a definition of the phrase useful information on the subject of which it

treats.”

—

Machinery Market.
“No word having connection with any branch of constructive engineering seems to be omitted.

No more comprehensive work has been, so far, issued.”

—

Knowledge.
“ We strongly commend this useful and reliable adviser to our friends in the workshop, and to

students everywhere.”

—

Colliery Guardian.

Steam Boilers.

A TREATISE ON STEAM BOILERS : Their Strength, Construe-
tion, andEconomical Working. By R. Wilson, C.E. Fifth Edition. i2mo, 6j. cloth.

“The best treatise that has ever been published on steam boilers.”

—

Engineer.
“ The author shows himself perfect master of his subject, and we heartily recommend all employing

steam power to possess themselves of the work.”

—

Ryland's Iron Trade Circular.

Boiler Chimneys.

BOILER AND FACTORY CHIMNEYS ; Their Draught-Power and
Stability. With a Chapter on Lightning Conductors. By Robert Wilson, A. I. C.E.

,

Author of “A Treatise on Steam Boilers,” See. Second Edition. Crown 8vo,

3*. 6d. cloth.

“ Full of useful information, definite in statement, and thoroughly practical in treatment.”

—

The Local Government Chronicle.
“ A valuable contribution to the literature of scientific building.”

—

The Builder.

Boiler Making.
THE BOILER-MAKER 'S READY RECKONER ASSISTANT
With Examples of Practical Geometry and Templating, for the Use of Platers,

Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, M.I.C. E.

Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, 7s. half-bound.
“ A most useful work. . . . No workman or apprentice should be without this book.”—Iron

Trade Circular.
“Boiler makers will readily recognise the value of this volume. . . . The tables are clearly

printed, and so arranged that they can be referred to with the greatest facility, so that it cannot be

doubted that they will be generally appreciated and much used.”—Mining Journal.

Warming.
HEATING BY HOT WATER; with Information and Suggestions
on the best Methods of Heating Public, Private and Horticultural Buildings. By
Walter Jones. With upwards of 50 Illustrations, crown 8vo, 2s. cloth.

" We confidently recommend all interested in heating by hot water to secure a copy of this

valuable little treatise.”—The Plumber and Decorator.



MECHANICAL ENGINEERING
,
&c. 5

Steam Engine.

TEXT-BOOK ON THE STEAM ENGINE. With a Supplement
on Gas Engines, and Part II. on Heat Engines. By T. M. Goodeve, M.A.,
Barrister-at-Law, Professor of Mechanics at the Normal School of Science and the
Royal School of Mines; Author of “The Principles of Mechanics,” “The
Elements of Mechanism,” &c. Eleventh Edition, Enlarged. With numerous
Illustrations. Crown Svo, 6s. cloth. [ fust published.
“ Professor Goodeve has given us a treatise on the steam engine, which will bear comparison with

anything written by Huxley or Maxwell, and we can award it no higher praise.”

—

Engineer.
“ Mr: Goodeve’s text-book is a work of which every young engineer should possess himself.”—

Mining Journal.
“Essentially practical in its aim. The manner of exposition leaves nothing to be desired.’’—

Scotsman.

Gas Engines,

ON GAS ENGINES. Being a reprint, with some additions, of the Sup-
plement to the Text-book on the Steam Engine

,
by T. M. Goodeve, M.A. Crown

8vo, 2s. 6d. cloth.
“ Like all Mr. Goodeve’s writings, the present is no exception in point of general excellence, It is

a valuable little volume.”—Mechanical World,

Steam.
THE SAFE USE OF STEAM. Containing Rules for Unprofessional
Steam-users. By an Engineer. Sixth Edition. Sewed, 6d.

“ If steam-users would but learn this little book by heart, boiler explosions would become sensations
by their rarity.”

—

English Mechanic.

Office Book for Mechanical Engineers,

THE MECHANICAL ENGINEER'S REFERENCE BOOK
,

for

Machine and Boiler Construction. In Two Parts. Part I. General Engineering
Data. Part II. Boiler Construction. With 48 Plates and numerous Illus-

trations. By Nelson Foley, M.I.N.A. Folio, half-bound. Price £5 $s.

[Nearly ready.

Coal and Speed Tables.

A POCKETBOOK OF COAL AND SPEED TABLES, for Engineers
and Steam-users. By Nelson Foley* Author of “ Boiler Construction.” Pocket-
size, 3^. 6d. cloth

; 4^. leather.
“ These tables are designed to meet the requirements of every-day use ; they are of sufficient scope

for most practical purposes, and may be commended to engineers and users of steam.”

—

Iron.
“ This pocket-book well merits the attention of the practical engineer. Mr. Foley has compiled a

very useful set of tables, the information contained in which is frequently required by engineers, coal
consumers, and users of steam.”

—

Iron and Coal Trades Review.

Fire Engineering.

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With a History
of Fire-Engines, their Construction, Use, and Management ; Remarks on Fire-Proof
Buildings, and the Preservation of Life from Fire ; Statistics of the Fire Appliances
in English Towns

;
Foreign Fire Systems

;
Hints on Fire-Brigades, &c. &c. By

Charles F. T. Young, C.E. With numerous Illustrations, 544 pp., demy 8vo,

j£i 4x. cloth.

“To such of our readers as are interested in the subject of fires and fire apparatus, we can most
heartily commend this book. It is really the only English work we now have upon the subject.”

—

Engineering.
“ It displays much evidence of careful research, and Mr. Young has put his facts neatly together.

His acquaintance with the practical details of the construction of steam fire engines, old and new, and
the conditions with which it is necessary they should comply, is accurate and full.”

—

Engineer.

Estimating for Engineering Work, &c.

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: A
Guide to Commercial Engineering. With numerous Examples of Estimates and
Costs of Millwright Work, Miscellaneous Productions, Steam Engines and Steam
Boilers

;
and a Section on the Preparation of Costs Accounts. By A General

Manager. Demy 8vo, 12s. cloth. [Just published.

“This is an excellent and very useful book, covering subject-matter in constant requisition in

every factory and workshop The book is invaluable, not only to the young engineer, but
also to the estimate department of every works "—Builder.

“ This book bears on every page evidence that it has been prepared by an engineer accustomed
to the work, and is no mere compilation, but contains a mass of valuable information of a kind
useful even to experienced engineers.”

—

Practical Engineer.
“ We accord the work unqualified praise. The information is given in a plain, straightforward

manner, and bears throughout evidence of the intimate practical acquaintance of the author with
every phrase of commercial engineering.”—Mechanical World.
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THE POPULAR WORKS OF MICHAEL REYNOLDS
(“The Engine Driver’s Friend”).

Locomotiue-Engine Driving.

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for En-
gineers in charge of Locomotive Engines. By Michael Reynolds, Member of the

Society of Engineers, formerly Locomotive Inspector, L B. and S. C. R. Eighth
Edition. Including a Key to the Locomotive Engine. With Illustrations and
Portrait of Author. Crown 8vo, 4s. Gd. cloth.

“ Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recommend the
book not only to the practical driver, but to everyone who takes an interest in the performance of loco-
motive engines.”

—

The Engineer.
“ Mr. Reynolds has opened a new chapter in the literature of the day. This admirable practical

treatise, of the practical utility of which we have to speak in terms of warm commendation.”

—

Athenceum.
“ Evidently the work of one who knows his subject thoroughly.”

—

Railway Service Gazette.
“Were the cautions and rules given in the book to become part of the every-day working of our

engine-drivers, we might have fewer distressing accidents to deplore.”—Scotsman.

Stationary Engine Driving.

STATIONARY ENGINE DRIVING: A Practical Manual for En-
gineers in Charge of Stationary Engines. By Michael Reynolds. Fourth
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. Gd. cloth.

“ The author is thoroughly acquainted with his subjects, and his advice on the various points treated
is clear and practical He has produced a manual which is an exceedingly useful one for the
class for whom it is specially intended.”

—

Engineering.
“ Our author leaves no stone unturned. He is determined that his readers shall not only know

something about the stationary engine, but all about it.”

—

Engineer.
“ An engineman who has mastered the contents of Mr. Reynolds’s book will require but little actual

experience with boilers and engines before he can be trusted to look after them.”

—

English Mechanic.

The Engineer, Fireman, and Engine-Boy.
THE MODEL LOCOMOTIVE ENGINEER, FIREMAN

\
AND

ENGINE-BO Y. Comprising a Historical Notice ofthe Pioneer Locomotive Engines
and their Inventors. By Michael Reynolds. With numerous Illustrations,

and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth.
“ From the technical knowledge of the author, it will appeal to the railway man of to-day more forcibly

than anything written by Dr. Smiles The volume contains information of a technical kind,

and facts that every driver should be familiar with.”— English Mechanic.
“We should be glad to see this book in the possession of everyone in the kingdom who has ever

laid, or is to lay, hands on a locomotive engine.’’

—

Iron.

Continuous Railway Brahes.

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on the

several Systems in Use in the United Kingdom ; their Construction and Perform-
ance. With copious Illustrations and numerous Tables. By Michael Reynolds.
Large crown 8vo, 9^. cloth.

“ A popular explanation of the different brakes. It will be of great assistance in forming public
opinion, and will be studied with benefit by those who take an interest in the brake.”

—

English Mechanic.
“ Written with sufficient technical detail to enable the principal and relative connection of the various

parts of each particular brake to be readily grasped.”—Mechanical World.

Engine-Driving Life.

ENGINE-DRIVING LIFE

:

Stirring Adventures and Incidents in the
Lives of Locomotive Engine-Drivers. By Michael Reynolds. Second
Edition, with additional Chapters. Crown 8vo, 2s. cloth.
“ From first to last perfectly fascinating. Wilkie Collins’s most thrilling conceptions are thrown into

the shade by true incidents, endless in their variety, related in every page.”

—

North British Mail.
“Anyone who wishes to get a real insight into railway life cannot do better than read * Engine-

Driving Life’ for himself, and if he once takes it up he will find that the author’s enthusiasm and real

love of the engine-driving profession will carry him on till he has read every page.”—Satimlay Review.

Pocket Companion for Enginemen.
THE ENGINEMAN’S POCKET COMPANION and Practical
Educator for Enginemen, Boiler Attendants, and Mechanics. By Michael Rey-
nolds. With Forty-five Illustrations and numerous Diagrams. Second Edition,

Revised. Royal i8mo, 3.5- . 6d. strongly bound for pocket wear.
“ This admirable work is well suited to accomplish its object, being the honest workmanship of a

competent engineer.”—Glasgow Herald.
“A most meritorious work, giving in a succinct and practical form all the information an engine-

minder desirous of mastering the scientific principles of his daily calling would require.”—The Miller.
“A boon to those who are striving to become efficient mechanics.”—Daily Chronicle.
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French-English Glossary for Engineers, &c.
A POCKET GLOSSARY OF TECHNICAL TERMS: ENGLISH-
FRENCH,

; FRENCH-ENGLISH; with Tables suitable for the Architectural,

Engineering, Manufacturing and Nautical Professions. ByJohn James Fletcher,
Engineer and Surveyor

; 200 pp. Waistcoat-pocket size, is. 61. limp leather.
“ It ought certainly to be in the waistcoat-pocket of every professional man.”

—

Iron.
“ It is a very great advantage for readers and correspondents in France and England to have so

large a number of the words relating to engineering and manufacturers collected in a liliputian volume,
i he little book will be useful both to students and travellers.”—A rchitcct.

“ The glossary of terms is very complete, and many of the Tables are new and well arranged
>>e cordially commend the book.”

—

Mechanical World,

Portable Engines.
THE PORTABLE ENGINE j ITS CONSTRUCTION AND
MANAGEMENT

:

A Practical Manual for Owners and Users of Steam Engines
generally. By William Dyson Wansbrougii. With 90 Illustrations. Crown
8vo, 3^. 6d. cloth.

“This is a work of value to those who use steam machinery. . . . Should be read by every one
who has a steam engine, on a farm or elsewhere.”

—

Mark Lane Express.
“ We cordially commend this work to buyers and owners of steam engines, and to those who have to

do with their construction or use.”

—

Timber Trades Journal.

“Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader should
be acquired by all intelligent owners and others who use the steam engine.”

—

Building News.
“ An excellent text-book of this useful form of engine, which describes with all necessary minuteness

the details of the various devices. . . . The ‘ Hints to Purchasers ’ contain a good deal of common-
sense and practical wisdom.”—English Mechanic.

CIVIL ENGINEERING, SURVEYING, etc.

MR. HUMBER’S IMPORTANT ENGINEERING BOOKS.

The Water-Supply of Cities and Towns.
A COMPREHENSIVE TREATISE ON THE WATER-SUPPLY
OF CITIES AND TOWNS. By William Humber, A-M. Inst. C.E., and
M. Inst. M.E., Author of “Cast and Wrought Iron Bridge Construction,” &c. &c.
Illustrated with 50 Double Plates, 1 Single Plate, Coloured Frontispiece, and up-
wards of 250 Woodcuts, and containing 400 pages of Text. Imp. 4to, £6 6s.

elegantly and substantially half-bound in morocco.

List of Contents.
I. Historical Sketch of some of the means that

have been adopted for the Supply of Water to
Cities and Towns.—II. Water and the Foreign
Matter usually associated with it.— III. Rainfall
and Evaporation.—IV. Springs and the water-
bearing formations of various districts.—V. Mea-
surement and Estimation of the Flow of Water.

—

VI. On the Selection of the Source of Supply.

—

VII. Wells.—VIII. Reservoirs.—IX. The Puri-
fication of Water.—X. Pumps.— XI. Pumping

Machinery.—XII. Conduits.—XIII. Distribution
ofWater.—XIV. Meters, Service Pipes, and House
Fittings.—XV. The Law and Economy of Water
Works.—XVI. Constant and Intermittent Supply.
—XVII . Description ofPlates.—Appendices, giving
Tables of Rates of Supply, Velocities, &c. &c.,
together with Specifications of several Works illus-

trated, amoDg which will be found: Aberdeen,
Bideford, Canterbury, Dundee, Halifax, Lambeth,
Rotherham, Dublin, and others.

“The most systematic and valuable work upon water supply hitherto produced in English, or in any
other language. . . . Mr. Humber’s work is characterised almost throughout by an exhaustiveness
much more distinctive of French and German than of English technical treatises.”

—

Engineer.
“We can congratulate Mr. Humber on having been able to give so large an amount of information on

a subject so important as the water supply of cities and towns. The plates, fifty in number, are mostly
drawings of executed works, and alone would have commanded the attention of every engineer whose
practice may lie in this branch of the profession.”

—

Builder.

Cast and Wrought Iron Bridge Construction.
A COMPLETE AND PRACTICAL TREATISE ON CAST AND
WROUGHTIRON BRIDGE CONSTRUCTION

,,
including Iron Foundations.

In Three Parts—Theoretical, Practical, and Descriptive. By William Humber,
A-M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much improved,
with 1 15 Double Plates (20 of which now first appear in this edition), and numerous
Additions to the Text. In 2 vols., imp. 4to, £6 i6j. 6d. half-bound in morocco.

“ A very valuable contribution to the standard literature of civil engineering. In addition to elevations,
plans, and sections, large scale details are given, which very much enhance the instructive worth of those
illustrations.”—Civil Engineer and Architect's Journal.

“ Mr. Humber’s stately volumes, lately issued—in which the most important bridges erected during
the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawkshaw, Mr. Page,
Mr. Fowler, Mr. Hemans, and others among our most eminent engineers, are drawn and specified in
great detail.”

—

Engineer.
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MR. HUMBER’S GREAT WORK ON MODERN ENGINEERING.
Complete in Four Volumes, imperial 4to, price £12 12s., half-morocco. Each volume

sold separately as follows :—
A RECORD OF THE PROGRESS OF MODERN ENGINEERING.

First Series. Comprising Civil, Mechanical, Marine, Hydraulic, Railway,

Bridge, and other Engineering Works, &c. By William Humber, A-M. Inst.

C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale, Photographic
Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious descriptive Letterpress,

Specifications, &c., £3 3*. half-morocco.

List of the Plates and Diagrams.
Victoria Station and Roof, L. B. & S. C. R.

(8 plates) ; Southport Pier (2 plates) ; Victoria
Station and Roof, L. C. & D. and G. W. R. (6
plates) ; Roof of Cremorne Music Hall ; Bridge
over G. N. Railway ; Roof of Station, Dutch

Rhenish Rail (2 plates) ; Bridge over the Thames,
West London Extension Railway (5 plates) ;

Armour Plates : Suspension Bridge, Thames (4

plates) ; The Allen Engine
;
Suspension Bridge,

Avon (3 plates) ; Underground Railway (3 plates).

“ Handsomely lithographed and printed. It will find favour with many who desire to preserve in a
permanent form copies of the plans and specifications prepared for the guidance of the contractors for

many important engineering works.”

—

Engineer.

HUMBER'S RECORD OF MODERN ENGINEERING. Second
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of Robert
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress, Speci-

fications, &c . }/£3 3.s . half-morocco.

List of the Plates and Diagrams.
Birkenhead Docks, Low Water Basin (15 plates);

(

Ebbw Viaduct, Merthyr, Tredegar, and Aber-
Charing Cross Station Roof, C. C. Railway (3 gavenny Railway ; College Wood Viaduct, Corn-
plates) ; Digswell Viaduct, Great Northern Rail-

j

wall Railway ; Dublin Winter Palace Roof (3
way; Robbery Wood Viaduct, Great Northern plates); Bridge over the Thames, L. C. and D.
Railway ; Iron PermanentWay ; Clydach Viaduct,

j

Railway (6 plates); Albert Harbour, Greenock
Merthyr, Tredegar, and Abergavenny Railway ; J (4 plates).

“ Mr. Humber has done the profession good and true service, by the fine collection of examples he has
here brought before the profession and the public.”

—

Practical Mechanic's journal.

HUMBER'S RECORD OF MODERN ENGINEERING. Third
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. M ‘Clean,

late Pres. Inst. C.E., and copious descriptive Letterpress, Specifications, &c.,£3 3c
half-morocco.

List of the Plates and Diagrams.
Main Drainage, Metropolis.—North Side.

— Map showing Interception of Sewers; Middle
Level Sewer (2 plates) ; Outfall Sewer, Bridge
over River Lea (3 plates) ; Outfall Sewer, Bridge
over Marsh Lane, North Woolwich Railway, and
Bow and Barking Railway Junction ; Outfall
Sewer, Bridge over Bow and Barking Railway (3
plates) ; Outfall Sewer, Bridge over East London
Waterworks’ Feeder (2 plates) ; Outfall Sewer,
Reservoir (2 plates) ; Outfall Sewer, Tumbling
Bay and Outlet ; Outfall Sewer, Penstocks.
South Side.—Outfall Sewer, Bermondsey Branch

(2 plates); Outfall Sewer, Reservoir and Outlet

(4 plates) ; Outfall Sewer, Filth Hoist ; Sections
of Sewers (North and South Sides).

Thames Embankment.

—

Section of RiverWall

;

Steamboat Pier, Westminster (2 plates)
;
Landing

Stairs between Charing Cross and Waterloo
Bridges ; York Gate (2 plates) ; Overflow and
Outlet at Savoy Street Sewer (3 plates) ; Steam-
boat Pier, Waterloo Bridge (3 plates)

; Junction
of Sewers, Plans and Sections ; Gullies, Plans,
and Sections ; Rolling Stock ; Granite and Iron
Forts.

“ The drawings have a constantly increasing value, and whoever desires to possess clear representa-
tions of the two great works carried out by our Metropolitan Board will obtain Mr. Humber’s
volume.”

—

Engineer.

HUMBER'S RECORD OF MODERN ENGINEERING. Fourth
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John Fowler,
late Pres. Inst. C.E., and copious descriptive Letterpress, Specifications, &c., ^3 3-r.

half-morocco.
%
List of the Plates and Diagrams.

Abbey Mills Pumping Station, Main Drainage,
Metropolis (4 plates); Barrow Docks (5 plates);
Manquis Viaduct, Santiago and Valparaiso Rail-
way (2 plates) ; Adam’s Locomotive, St. Helen’s
Canal Railway (2 plates)

; Cannon Street Station
Roof, Charing Cross Railway (3 plates); Road
Bridge over the River Moka (2 plates); Telegra-

phic Apparatus for Mesopotamia; Viaduct over
the River Wye, Midland Railway (3 plates); St.

Germans Viaduct, Cornwall Railway (2 plates) :

Wrought-Iron Cylinder for Diving Bell ; Millwall
Docks (6 plates); Milroy’s Patent Excavator;
Metropolitan District Railway (6 plates); Har-
bours, Ports, and Breakwaters (3 plates).

“We gladly welcome another year’s issue of this valuable publication from the able pen of Mr. Hum-
ber. The accuracy and general excellence of this work are well known, while its usefulness in giving
the measurements and details of some of the latest examples of engineefing, as carried out by the most
eminent men in the profession, cannot be too highly prized.”

—

Artizan.
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AM. HUMBER’S ENGINEERING BOOKS—continued.

Strains, Calculation of.

A HANDY BOON FOR THE CALCULATION OF STRAINS IN
GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH.
Consisting of Formulas and Corresponding Diagrams, with numerous details for

Practical Application, &c. By William Humber, A-M. Inst. C.E., &c. Fourth
Edition. Crown 8vo, with nearly ioo Woodcuts and 3 Plates, 7s. 61, cloth.

“ The formulae are neatly expressed, and the diagrams good.”

—

Athencetim.“We heartily commend this really handy book to our engineer and architect readers.”

—

English
Mechanic.

Barlow’s Strength of Materials, enlarged by Humber.
A TREATISE ON THE STRENGTH OF MATERIALS

j

with
Rules for Application in Architecture, the Construction of Suspension Bridges,
Railways, &c. By Peter Barlow, F.R.S. A New Edition, revised by his

Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F. R S.; to which are added,
Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and Formulae for
Calculating Girders, &c. Arranged and Edited by Wm, Humber, A-M. Inst. C.E.
Demy 8vo, 400 pp., with 19 large Plates and numerous Woodcuts, i8j. cloth.

.
“Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in future

as it has hitherto done, as the standard treatise on that particular suh]zct.”—Engi}ieer.
“ There is no greater authority than Barlow.”

—

Building News.
.

** As a scientific work of the first class, it deserves a foremost place on the bookshelves of every
civil engineer and practical mechanic.”—English Mechanic.

Trigonometrical Surveying.
AN OUTLINE OF THE METHOD OF CONDUCTING A TRIGO-
NOMETRICAL SURVE Y, for the Formation of Geographical and Topographical
Maps and Plans, Military Reconnaissance,

Levelling, Sfc., with Useful Problems,
Formulae, and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised
and partly Re-writter by Major-General Sir Charles Warren, G.C.M.G., R.E.
With 19 Plates and 1 15 Woodcuts, royal 8vo, i6j-. cloth.

“The simple fact that a fourth edition has been called for is the best testimony to its merits. No
words of praise from us can strengthen the position so well and so steadily maintained by this work.
Sir Charles Warren has revised the entire work, and made such additions as were necessary to bring every
portion of the contents up to the present date.”

—

Broad Arrow.

Field Fortification.

A TREATISE ON FIELD FORTIFICATION
,
THE ATTACK

OF FORTRESSES, MILITARY MINING, AND RECONNOITRING.
By Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool-
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, 12s,

Oblique Bridges.

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE
BRIDGES. With 13 large Plates. By the late George Watson Buck, M.I.C.E.
Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E.; and with the

addition of Description to Diagrams for Facilitating the Construction of Oblique
Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 12s. cloth.

“The standard text-book for all engineers regarding skew arches is Mr. Buck’s treatise, and it would
be impossible to consult a better.”

—

Engineer.
“Mr. Buck’s treatise is recognised as a standard text-book, and his treatment has divested the subject

of many of the intricacies supposed to belong to it. As a guide to the engineer and architect, on a
confessedly difficult subject, Mr. Buck’s work is unsurpassed.”

—

Building News.

Water Storage, Conveyance and Utilisation.

WATER ENGINEERING

:

A Practical Treatise on the Measurement,
Storage, Conveyance and Utilisation of Water for the Supply of Towns, for Mill

Power, and for other Purposes. By Charles Slagg, Water and Drainage
Engineer, A.M. Inst. C.E. ,

Author of “Sanitary Work in the Smaller Towns, and
in Villages,” &c. With numerous Illustrations. Crown 8vo, 7s. 6d. cloth.

“ As a small practical treatise on the water supply of towns, and on some applications of water-
power, the work is in many respects excellent.”

—

Engineering.
“ The author has collated the results deduced from the experiments of the most eminent

authorities, and has presented them in a compact and practical form, accompanied by very clear
and detailed explanations. . . . The application of water as a motive power is treated very carefully
and exhaustively.’’—Builder.

“ For anyone who desires to begin the study of hydraulics with a consideration of the practical
applications ©f the science there is no better guide.”

—

A rchitect.
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Statics, Graphic and Analytic.

GRAPHIC AND ANALYTIC STATICS, in their Practical Applica-
tion to the Treatment of Stresses in Roofs,

Solid Girders
,
Lattice

,
Bowstring, and

Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks. By
R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. With
numerous Examples, many taken from existing Structures. Specially arranged
for Class-work in Colleges and Universities. Second Edition, Revised and En-
larged. 8vo, i6j. cloth.

“Mr. Graham’s book will find a place wherever graphic and analytic statics are used or studied.*’

—

Engineer.
“The work is excellent from a practical point of view, and has evidently been prepared with much

care. The directions for working are ample, and are illustrated by an abundance of well-selected
examples. It is an excellent text-book for the practical draughtsmanT—Athenceum.

Student's Text-Book on Surveying.
PRACTICAL SURVEYING: A Text-Book for Students preparing for
Examinations or for Survey-work in the Colonies. By George W. Usill,
A.M.I.C.E., Author of “The Statistics of the Water Supply of Great Britain.”

With 4 Lithographic Plates and upwards of 330; Illustrations. Second Edition,
Revised. Crown 8vo, Js. 6d. cloth. \Just published.
“The best forms of instruments are described as to their construction, uses and modes ot

employment, and there are innumerable hints on work and equipment such as the author, in his
experience as surveyor, draughtsman and teacher, has found necessary, and which the student in
his inexperience will find most serviceable.”

—

Engineer.
“The latest treatise in the English language on surveying, and we have no hesitation in saying

that the student will find it a better guide than any of its predecessors. . . . Deserves to be recog-
nised as the first book which should be put in the hands of a pupil of Civil Engineering, and every
gentleman of education who sets out for the Colonies would find it well to have a copy.”

—

A rcliitect.

“A very useful, practical handbook on field practice. Clear, accurate and not too condensed.”—
Journal of Education.

Survey Practice.

AID TO SURVEY PRACTICE : for Reference in Surveying, Levelling

,

and Setting-out ; and in Route Surveys of Travellers by Land and. Sea. With
Tables, Illustrations, and Records. By Lowis D’A. Jackson, A.M.I.C.E.,
Author of “Hydraulic Manual,” “Modern Metrology,” &c. Second Edition,

Enlarged. Large crown 8vo, 12s. 6d. cloth.

“Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recommend this book
as containing an admirable supplement to the teaching of the accomplished surveyor.”

—

A theneeum.
“As a text-book we should advise all surveyors to place it in their libraries, and study well the

matured instructions afforded in its pages.”

—

Colliery Guardian.
“ The author brings to his work a fortunate union of theory and practical experience which, aided by

a clear and lucid style of writing, renders the book a very useful one.”—Builder.

Surveying, Land and Marine.
LAND AND MARINE SURVEYING, in Reference to the Prepara-
tion of Plans for Roads and Railways

; Canals, Rivers, Towns’ Water Supplies
;

Docks and Harbours. With Description and Use of Surveying Instruments. By
W. Davis Haskoll, C.E., Author of “Bridge and Viaduct Construction,” &c.
Second Edition, Revised, with Additions. Large crown 8vo, 9-r. cloth.

“ This book must prove of great value to the student. We have no hesitation in recommending it,

feeling assured that it will more than repay a careful study.”

—

Mechanical World.
“ A most useful and well arranged book for the aid of a student. We can strongly recommend it as

a carefully-written and valuable text-book. It enjoys a well-deserved repute among surveyors.”— Builder.
“This volume cannot fail to prove of the utmost practical utility. It may be safely recommended to

all students who aspire to become clean and expert surveyors.”

—

Mining Journal.

Tunnelling.

PRACTICAL TUNNELLING. Explaining in detail the Setting-out of
the works, Shaft-sinking and Heading-driving, Ranging the Lines and Levelling

under Ground, Sub-Excavating, Timbering, and the Construction of the Brickwork
of Tunnels, with the amount of Labour required for, and the Cost of, the various

portions of the work. By Frederick W. Simms, F.G.S., M. Inst. C.E. Third
Edition, Revised and Extended by D. Kinnear Clark, M. Inst. C.E. Imp. 8vo,

with 21 Folding Plates and numerous Wood Engravings, 30J. cloth.

“The estimation in which Mr. Simms’s book on tunnelling has been held for over thirty years cannot
be more truly expressed than in the words of the late Professor Rankine :

—‘The best source of informa-
tion on the subject of tunnels is Mr. F. W. Simms’s work on Practical Tunnelling.”’

—

Architect.
“ It has been regarded from the first as a text book of the subject . . . Mr. Clark has added

immensely to the value of the book.”—Engineer.
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Leue/ling.

A TREATISE ON THE PRINCIPLES AND PRACTICE OF
LE VEILING, Showing its Application to purposes of Railway and Civil Engineer-
ing in the Construction of Roads ; with Mr. Telford’s Rules for the same. By
Frederick W. Simms, F.G.S., M. Inst. C.E. Seventh Edition, withthe addition of

Law’s Practical Examples for Setting-out Railway Curves, and Trautwine’s Field

Practice of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts,
8vo, 8s. 61. cloth, Trautwine on Curves may be had separate, 5-f.

“ The text-book on levelling in most of our engineering schools and colleges.”

—

Engineer .

“ The publishers have rendered a substantial service to the profession, especially to the younger
members, by bringing out the present edition of Mr. Simms’s useful work."—Engineering.

Heat, Expansion by:

EXPANSION OF STRUCTURES BY HEAT. By John Keily,
C.E., late of the Indian Public Works and Victorian Railway Departments. Crown
8vo, 3*. 61. cloth.

Summary of Contents.
Section I.—Formulas and Data.
Section IT.

—

Metal Bars.
Section III.

—

Simple Frames.
Section IV.—Complex Frames and Plates.
Section V.

—

Thermal Conductivity.

Section VI.

—

Mechanical Force of Heat.
Section VII. —Work of Expansion and Con-

traction.
Section VIII.

—

Suspension Bridges.
Section IX.

—

Masonry Structures.
“The aim the author has set before him, viz., to show the effects of heat upon metallic and other

structures, is a laudable one, for this is a branch of physics upon which the engineer or architect can
find but little reliable and comprehensive data in books.’’

—

Builder.
“ Whoever is concerned to know the effect of changes of temperature on such structures as suspen-

sion bridges and the like could not do better than consult Mr. Keily ’s valuable and handy exposition of
the geometrical principles involved in these changes.”

—

Scotsman.

Practical Mathematics.
MATHEMA TICS FOR PRACTICAL MEN: Being a Common-place
Book of Pure and Mixed Mathematics. Designed chiefly for the Use of Civil

Engineers, Architects and Surveyors. By Olinthus Gregory, LL.D., F.R.A.S.,
Enlarged by Henry Law, C.E. Fourth Ed., carefully revised by J. R. Young,
formerly Professor of Mathematics, Belfast College. With 13 Plates, 8vo, ;£i is. cloth.

“The engineer or architect will here find ready to his hand rules for solving nearly every mathematical
difficulty that may arise in his practice. The rules are in all cases explained by means of examples, in
which every step of the process is clearly worked out.”

—

Builder.“ One of the most serviceable books for practical mechanics. . . . It is an instructive book for the
student, and a Text-book for him who, having once mastered the subjects it treats of, needs occasionally
to refresh his memory upon them.”—Building Neivs.

Hydraulic Tables.

HYDRAULIC TABLES, CO-EFFICIENTS, ana FORMULAE for
Finding the Discharge of Water from Orifices

,
Notches

,
Weirs, Pipes, and Rivers.

With New Formulae, Tables, and General Information on Rain-fall, Catchment-
Basins, Drainage, Sewerage, Water Supply for Towns and Mill Power. By John
Neville, Civil Engineer, M.R.I.A. Third Edition, carefully revised, with con-

siderable Additions. Numerous Illustrations. Crown 8vo, 14J. cloth.

“Alike valuable to students and engineers in practice; its study will prevent the annoyance of
avoidable failures, and assist them to select the readiest means of successfully carrying out any given
work connected with hydraulic engineering.”

—

Minitig Journal.
“ It is, of all English books on the subject, the one nearest to completeness .... From the

good arrangement of the matter, the clear explanations and abundance of formulae, the carefully
calculated tables, and, above all, the thorough acquaintance with both theory and construction, which is

displayed from first to last, the book will be found to be an acquisition.”—A rchitect.

Hydraulics.

HYDRAULIC MANUAL. Consisting of Working Tables and Explana-
tory Text. Intended as a Guide in Hydraulic Calculations and Field Operations.

By Lowis D’A. Jackson, Author of “Aid to Survey Practice,” “Modern
Metrology,” &c. Fourth Edition. Enlarged. Large crown 8vo, i6j. cloth.

“ The author has had a wide experience in hydraulic engineering and has been a careful observer of
the facts which have come under his notice, and from the great mass of material at his command he has
constructed a manual which may be accepted as a trustworthy guide to this branch of the engineer’s pro-
fession. We can heartily recommend this volume to all who desire to be acquainted with the latest

development of this important subject.”

—

Engineering.
“ The standard work in this department of mechanics.”

—

Scotsman.
“ The most useful feature of this work is its freedom from what is superannuated, and its thorough

adoption of recent experiments ; the text is in fact in great part a short account of the great modern
expei iments.”

—

Nature.
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Drainage.

ON THE DRAINAGE OF LANDS, TOWNS AND BUILDINGS.
By G. D. DEMrsEY, C. E.

,
Author of “The Practical Railway Engineer,” &c.

Revised, with large Additions on Recent Practice in Drainage Engineering,
by D. Kinnear Clark, M.Inst. C.E., Author of “Tramways: their Construc-
tion and Working,” “ A Manual of Rules, Tables, and Data for Mechanical
Engineers,” &c. Second Edition, Corrected. Fcap. 8vo, 5.?. cloth. [Just published.
“The new matter added, to Mr. Dempsey’s excellent work is characterised by the comprehensive

grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher,’’

—

A theneeum.
‘‘ As a work on recent practice in drainage engineering, the book is to be commended to all who are

making that branch of engineering science their special study.”

—

Iron.
“A comprehensive manual on drainage engineering, and a useful introduction to the student.”—

Building News.

Tramways and their Working.
TRAMWAYS: Their CONSTRUCTION and WORKING. Embracing
a Comprehensive History of the System

;
with an exhaustive Analysis of the Various

Modes of Traction, including Horse Power, Steam, Heated Water, and Compressed
Air

;
a Description of the Varieties of Rolling Stock ;

and ample Details of Cost
and Working Expenses

;
the Progress recently made in Tramway Construction, &c.

&c. By D. Kinnear Clark, M.Inst. C.E. With over 200 Wood Engravings,
and 13 Folding Plates. Two Vols. Large crown 8vo, 30J. cloth.

“ All interested in tramways must refer to it, as all railway engineers have turned to the author’s
work * Railway Machinery.’ ”

—

Engineer.
“An exhaustive and practical work on tramways, in which the history of this kind of locomotion, and

a description and cost of the various modes of laying tramways, are to be found.”

—

Building News.
“ The best form of rails, the best mode of construction, and the best mechanical appliances, are so

fairly indicated in the work under review that any engineer about to construct a tramway will be enabled
at once to obtain the practical information which will be of most service to him.”

—

Athenaeum.

Oblique Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION OF
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Imperial
8vo, 8^. cloth.

Curves, Tables for Setting-out.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES FOR
SETTING-OUT CURVES from 5 to 200 Radius. By Alexander Beazeley,
M.Inst. C.E. Third Edition. Printed on 48 Cards, and sold in a cloth box,

waistcoat-pocket size, 3^. 6d.
“ Each table is printed on a small card, which, being placed on the theodolite, leaves the hands free

to manipulate the instrument—no small advantage as regards the rapidity of work.”—Engineer.
“ Very handy : a man may know that all his day’s work must fall on two of these cards, which he puts

into his own card-case, and leaves the rest behind.”

—

Athe?iceum.

Earthwork.
EARTHWORK TABLES . Showing the Contents in Cubic Yards of
Embankments, Cuttings, &c., of Heights or Depths up to an average of 80 feet. By
Joseph Broadbent, C.E., and Francis Campin, C.E. Crown Svo, $s. cloth.

“ The way in which accuracy is attained, by a simple division of each cross section into three

elements, two in which are constant and one variable, is ingenious.”

—

Athenaeum.

Tunnel Shafts.

THE CONSTRUCTION OFLARGE TUNNEL SHAFTS. A Practi-

cal and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., Resident

Engineer, London and North-Western Railway. Illustrated with Folding Plates,

royal 8vo, 12s. cloth.

“ Many of the methods given are of extreme practical value to the mason, and the observations on
the form of arch, the rules for ordering the stone, and the construction of the templates, will be found of

considerable use. We commend the book to the engineering profession.”

—

Building News.
“ Will be regarded by civil engineers as of the utmost value, and calculated to save much time and

obviate many mistakes.”—Colliery Guardian.

Girders, Strength of.

GRAPHIC TABLE FOR FACILITATING THE COMPUTATION
OF THE WEIGHTS OP WROUGHTIRON AND STEEL GIRDERS, S*c.,

for Parliamentary and other Estimates. By J. H. Watson Buck, M. Inst. C.E.

On a Sheet, 2s. 6d.
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Riser Engineering.

RIVER BARS : The Causes of their Formation
,
and their Treatment by

“ Induced Tidal Scour with a Description of the Successful Reduction by this

Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port
and Docks Board. Royal 8vo, 7s. 6d. cloth.
“ We recommend all interested in harbour works—and, indeed, those concerned in the improvements

of rivers generally—to read Mr. Mann’s interesting work on the treatment of river bars.”

—

Engineer.

Trusses.

TRUSSES OF WOOD AND IRON. Practical Applications of Science
in Determining the Stresses, Breaking Weights, Safe Loads

, Scantlings
,
and Details

of Construction. With Complete Working Drawings. By William Griffiths,
Surveyor, Assistant Master, Tranmere School of Science and Art. Oblong 8vo
4^. 6d. cloth.

* ‘ This handy little book enters so minutely into every detail connected with the construction of roof
trusses, that no student need be ignorant of these matters.”

—

Practical Engineer.

Railway Working.

SAFE RA1LWAY WORKING. A Treatise on Railway Accidents

:

Their Cause and Prevention ; with a Description ofModern Appliances and Systems.

By Clement E. Stretton, C. E., Vice-President and Consulting Engineer, Amalga-
mated Society of Railway Servants. With Illustrations and Coloured Plates.

Second Edition, Enlarged. Crown 8vo, 3s. 6d. cloth. [fust published.
“ A book for the engineer, the directors, the managers ; and, in short, all who wish for information

on railway matters will find a perfect encyclopaedia in * Safe Railway Working.’ ”

—

Railway Review.
“We commend the remarks on railway signalling to all railway managers, especially where a uniform

code and practice is advocated.”

—

Herepath's Railway Journal.
“ The author may be congratulated on having collected, in a very convenient form, much valuable

information on the principal questions affecting the safe working of railways.”

—

Railway Engineer.

Field-Book for Engineers.

THE ENGINEER'S, MINING SURVEYOR'S, andCONTRACTOR’S
FIELD-BOOK. Consisting of a Series of Tables, with Rules, Explanations of

Systems, and use of Theodolite for Traverse Surveying and Plotting the Work with
minute accuracy by means of Straight Edge and Set Square only

;
Levelling with

the Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections

in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential
Angles and Multiples with Right and Left-hand Readings of the Instrument

;
Setting-

out Curves without Theodolite on the System of Tangential Angles by Sets of Tan-
gents and Offsets; and Earthwork Tables to 80 feet deep, calculated for every 6
inches in depth. By W. Davis Haskoll, C.E. With numerous Woodcuts.
Fourth Edition, Enlarged. Crown 8vo, 12s. cloth.

“ The book is very handy ; the separate tables of sines and tangents to every minute will make it

useful for many other purposes, the genuine traverse tables existing all the same.”

—

Athetueum.
“ Every person engaged in engineering field operations will estimate the importance of such a work

and the amount of valuable time which will be saved by reference to a set of reliable tables prepared
with the accuracy and fulness of those given in this volume.”

—

Railway News.

Earthwork, Measurement of.

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, C.E.
With numerous Diagrams. Second Edition. 181110, 2s. 6d. cloth.

“ A great amount of practical information very admirably arranged, and available for rough estimates,
as well as for the more exact calculations required in the engineer’s and contractor’s offices.”

—

Artisan.

Strains in Ironwork.

THE STRAINS ON STRUCTURES OF IRONWORK

j

with Prac-
tical Remarks on Iron Construction. By F. W. Sheilds, M. Inst. C.E. Second
Edition, with 5 Plates. Royal 8vo, 5 s. cloth.

“ The student cannot find a better little book on this subject.”

—

Enghieer.

Cast Iron and other Metals, Strength of.

A PRACTICAL ESSAY ON THE STRENGTH OF CAST IRON
AN~D OTHER METALS. By Thomas Tredgold, C.E. Fifth Edition, in-

cluding Hodgkinson’s Experimental Researches. 8vo, 12s. cloth.
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Construction.

THE SCIENCE OF BUILDING: An Elementary Treatise on the

Principles of Construction. By E. Wyndham Tarn, M.A., Architect. Third

Edition, Revised and Enlarged, with 59 Engravings. Fcap. 8vo, 4s. cloth.

[Just published.

“A very valuable book, which we strongly recommend to all students.”

—

Builder.
“No architectural student should be without this hand-book of constructional knowledge.”

—

A rchitect.

Villa Architecture.

A HANDY BOOK OR VILLA ARCHITECTURE

:

Being a Series

of Designs for Villa Residences in various Styles. With Outline Specifications and
Estimates. By C. Wickes, Architect, Author of “The Spires and Towers of

England,” Szc. 61 Plates, 4to, £1 m. 6d. half-morocco, gilt edges.

“The whole of the designs bear evidence of their being the work of an artistic architect, and they
will prove very valuable and suggestive.”

—

Building News.

Text-Booh for Architects.

THE ARCHITECT’S GUIDE

:

Being a Text-book of Useful Infor-

mation for Architects, Engineers, Surveyors, Contractors, Clerks of Works, &c.

,

&c. By Frederick Rogers, Architect, Author of “Specifications for Practical

Architecture,” Szc. Second Edition, Revised and Enlarged. With numerous Illus-

trations. Crown Svo, 6j. cloth.

“ As a text-book of useful information for architects, engineers, surveyors, &c., it would be hard to
find a handier or more complete little volume.”

—

Staudaj-d.
“ A young architect could hardly have a better guide-book.”

—

Timber Trades Journal.

Taylor and Cresy’s Rome.
THE ARCHITECTURAL ANTIQUITIES OF ROME. By the late

G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New Edition,
thoroughly revised by the Rev. Alexander Taylor, M.A. (son of the late G. L.
Taylor, Esq.), Fellow of Queen’s College, Oxford, and Chaplain of Gray’s Inn.

Large folio, with 130 Plates, half-bound, £3 3^.

N.B.—This is the only book which gives on a large scale
,
and with the precision

of architectural measurement
,
the principal Monuments of Ancient Rome in plan , eleva-

tion
,
and detail.

“Taylor and Cresy’s work has from its first publication been ranked among those professional books
which cannot be bettered. . . . It would be difficult to find examples of drawings, even among those
of the most painstaking students of Gothic, more thoroughly worked out than are the one hundred and
thirty plates in this volume.”

—

Architect.

Architectural Drawing.
PRACTICAL RULES ON DRAWING, for the Operative Builder
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to,

*js. 6d. boards.

Sir William Chambers’s Treatise on Civil Architecture.

THE DECORATIVE PART OF CIVIL ARCHITECTURE. By
Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and an
Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Re-
vised and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates,

4to, 21 s. cloth.

House Building and Repairing.

THE HOUSE-OWNER’S ESTIMATOR

;

or, What will it Cost to
Build, Alter, or Repair? A Price Book adapted to the Use of Unprofessional
People, as well as for the Architectural Surveyor and Builder. By James D.
Simon, A.R.I.B. A. Edited and Revised by Francis T. W. Miller, A.R.I.B.A.
With numerous Illustrations. Fourth Edition, Revised. Crown 8vo, 3-r. 6d. cloth.

“ In two years it will repay its cost a hundred times over.”—Field.
“A very handy book”

—

English Mechanic.

Cottages and Villas.

COUNTRY AND SUBURBAN COTTAGES AND VILLAS:
Flow to Plan and Build Them. Containing 33 Plates, with Introduction, General
Explanations, and Description of each Plate. By James W. Bogue, Architect,

Author of “Domestic Architecture,” &c. 4to, ioj. 6d. cloth. [ fust published.
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The New Builder’s Price Book, 1891.

LOCKWOOD'S BUILDER'S PRICE BOOK LOR 1891. A Com-
prehensive Handbook of the Latest Prices and Data for Builders, Architects,

Engineers and Contractors. Re-constructed, Re-written and Greatly Enlarged.

By Francis T. W. Miller. 640 closely-printed pages, crown 8vo, 4s. cloth.

[Oust published.
“ This book is a very useful one, and should find a place in every English office connected with

the building and engineering professions.”

—

Industries.

“ This Price Book has been set up in new type Advantage has been taken of the trans-

Icrmation to add much additional information, and the volume is now an excellent book of refer-

ence.”

—

Architect.
“ In its new and revised form this Price Book is what a work of this kind should be—compre-

hensive, reliable, well arranged, legible and well bound.”

—

British Architect.
“ A work of established reputation.”

—

Athenaeum.

“This very useful handbook is well written, exceedingly clear in its explanations and great
care has evidently been taken to ensure accuracy.”—Morning Advertiser.

Designing, Measuring, and Valuing.

THE STUDENT'S GUIDE to the PRACTICE ofMEASURING and
VALUING ARTIFICERS' WORKS. Containing Directions for taking Dimen-
sions, Abstracting the same, and bringing the Quantities into Bill, with Tables of

Constants for Valuation of Labour, and for the Calculation of Areas and Solidities.

Originally edited by Edward Dobson, Architect. With Additions on Mensura-
tion and Construction, and a New Chapter on Dilapidations, Repairs, and Con-
tracts, by E. Wyndham Tarn, M.A. Sixth Edition, including a Complete Form
of a Bill of Quantities. With 8 Plates and 63 Woodcuts. Crown 8vo, Js. 6d. cloth.

“ Well fulfils the promise of its title-page, and we can thoroughly recommend it to the class for

whose use it has been compiled. Mr. Tarn’s additions and revisions have much increased the useful-

• ness of the work, and have especially augmented its value to students.”

—

Engineering-.

“This edition will be found the most complete treatise on the principles of measuring and valuing
artificers’ work that has yet been published. ”—Building News.

Pocket Estimator and Technical Guide.

THE POCKET TECHNICAL GUIDE, MEASURER, AND ESTI-
MATOR FOR BUILDERS AND SURVEYORS. Containing Technical
Directions for Measuring Work in all the Building Trades, Complete Specifications

for Houses, Roads, and Drains, and an Easy Method of Estimating the parts of a
Building collectively. By A. C. Beaton, Author of “ Quantities and Measure-
ments.” Fifth Edition. With 53 Woodcuts, waistcoat-pocket size, ix. 6d. gilt edges.
“ No builder, architect, surveyor, or valuer should be without his

f
Beaton.’ ”

—

Building Nezus.

“ Contains an extraordinary amount of information in daily requisition in measuring and estimating.

Its presence in the pocket will save valuable time and trouble.”

—

Building World.

Donaldson on Specifications.

THE HANDBOOK OF SPECIFICATIONS

j

or, Practical Guide to

the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications and
Contracts for Works and Constructions. Illustrated by Precedents of Buildings

actually executed by eminent Architects and Engineers. By Professor T. L.

Donaldson, P.R.I.B.A., &c. New Edition, in one large vol., 8vo, with upwards
of 1,000 pages of Text, and 33 Plates, £1 iij. 6d. cloth.

•* In this work forty-four specifications of executed works are given, including the specifications for

parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal Exchange, by Mr.
Tite, M.P. The latter, in particular, is a very complete and remarkable document. It embodies, to

a great extent, as Mr. Donaldson mentions, ‘ the bill of quantities, with the description of the works.’

. . . It is valuable as a record, and more valuable still as a book of precedents. . . . Suffice it

to say that Donaldson’s * Handbook of Specifications’ must be bought by all architects.”

—

Builder.

Bartholomew and Rogers’ Specifications.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. A
Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay on the

Structure and Science of Modern Buildings. Upon the Basis of the Work by Alfred
Bartholomew, thoroughly Revised, Corrected, and greatly added to by Frederick
Rogers, Architect. Second Edition, Revised, with Additions. With numerous
Illustrations, medium 8vo, 15^. cloth.

“ The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew’s work is too
well known to need any recommendation from us. It is one of the books with which every yrung archi-

tect must be equipped; for time has shown that the specifications cannot be set aside through any
defect in them.”

—

Architect.
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Building ; Ciuil and Ecclesiastical.

A BOOK ON BUILDING ,
Civil and Ecclesiastical

,
including Church

Restoration
;
with the Theory of Domes and the Great Pyramid, &c. By Sir

Edmund Beckett, Bart., LL.D., F.R.A.S., Author of “Clocks and Watches,

and Bells,” &c. Second Edition, Enlarged. Fcap. 8vo, 5-f. cloth.

“A book which is always amusing and nearly always instructive. The style throughout is in the

highest degree condensed and epigrammatic.”

—

Times.

Ventilation of Buildings.

VENTILA TION. A Text Book to the Practice of the Art of Ventilating
Buildings. With a Chapter upon Air Testing. By W. P. Buchan, R.P., Sanitary

and Ventilating Engineer, Author of “Plumbing,” &c. With 170 Illustrations.

i2mo, 4s. cloth boards. [fust published.

The Art of Plumbing.
PLUMBING. A Text Book to the Practice of the Art or Craft of the

Plumber
,
with Supplementary Chapters on House Drainage

,
embodying the latest

Improvements. By William Paton Buchan, R.P., Sanitary Engineer and
Practical Plumber. Fifth Edition, Enlarged to 370 pages, and 380 Illustrations,

i2tno, 4-y. cloth boards.
“ A text book which may be safely put in the hands of every young plumber, and which will

also be found useful by architects and medical professors.”

—

Builder.
“ A valuable text book, and the only treatise which can be regarded as a really reliable manual

of the plumber’s art.”

—

Building News.

Geometry for the Architect, Engineer
; &c.

PRACTICAL GEOMETRY,for the Architect, Engineer
,
and Mechanic.

Giving Rules for the Delineation and Application of various Geometrical Lines,

Figures, and Curves. By E. W. Tarn, M. A., Architect, Author of “ The Science
*

of Building,” &c. Second Edition. With 172 Illustrations, demy 8vo, 9s. cloth.

“ No book with the same objects in view has ever been published in which the clearness of the rules

laid down and the illustrative diagrams have been so satisfactory.”

—

Scotsman.

The Science of Geometry.

THE GEOMETRY OF COMPASSES

j

or, Problems Resolved by the

mere Description of Circles, and the use of Coloured Diagrams and Symbols. By
Oliver Byrne. Coloured Plates. Crown 8vo, 3s. 6d. cloth.

“The treatise is a good one, and remarkable—like all Mr. Byrne’s contributions to the science oi

geometry—for the lucid character of its teaching.”

—

Biiilding News.

DECORATIVE ARTS, etc*

Woods and Marbles, Imitation of.

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS
AND MARBLES

,
as taught and practised by A. R. Van der Burg and P.

Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio,

18^ by 12^ in., Illustrated with 24 full-size Coloured Plates; also 12 plain

Plates, comprising 154 Figures. Second and cheaper Edition. Price fi 1 is. 6d.

List of Plates.
1. Various Tools required for Wood Painting—

2, 3. Walnut; Preliminary Stages of Graining and
Finished Specimen— 4. Tools used for Marble
Painting and Method of Manipulation—5, 6. St.

Remi Marble ; Earlier Operations and Finished
Specimen — 7. Methods of Sketching different

Grains, Knots, &c.— 8,9. Ash: Preliminary Stages
and Finished Specimen— 10. Methods of Sketching
Marble Grains— 11,12. Breche Marble ; Prelimin-
ary Stages of Working and Finished Specimen—
13. Maple; Methods of Producing the different

Grains—14, 15. Bird’s-eye Maple; Preliminary
Stages and Finished Specimen— 16. Methods of
Sketching the different species of White Marble
17, 18. White Marble; Preliminary Stages of Pro-

cess and Finished Specimen — 19. Mahogany ;

Specimens of various Grains and Methods of

Manipulation—20, 21. Mahogany
;
Earlier Stages

and Finished Specimen—22, 23, 24. Sienna Marble ;

Varieties ofGrain, Preliminary Stages and Finished
Specimen—25, 26, 27. Juniper Wood ; Methods of

producing Grain, &c.—Preliminary Stages and
Finished Specimen — 28, 29, 30. Vert de Mer
Marble

;
Varieties of Grain and Methods of Work-

ing, Unfinished and Finished Specimens—31, 32,

33. Oak; Varieties of Grain, Tools employed and
Methods of Manipulation, Preliminary Stages and
Finished Specimen—34, 35, 36. Waulsort Marble;
Varieties of Grain, Unfinished and Finished
Specimens.

“ Those who desire to attain skill in the art of painting woods and marbles will find advantage in

consulting this book. . . . Some of the Working Men’s Clubs should give their young men the

opportunity to study it.”—Builder.
“ A comprehensive guide to the art. The explanations of the processes, the manipulation and manage-

ment of the colours, and the beautifully executed plates will not be the least valuable to the student who
aims at making his work a faithful transcript of nature.”—Building News.
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House Decoration.

ELEMENTARY DECORATION : A Guide to the Simpler Forms of
Everyday Art, as applied to the Interior and Exterior Decoration of Dwelling
Houses, &c. By James W. Facey, Jun. With 68 Cuts. i2mo, 2s. cloth limp.

PRACTICAL HOUSE DECORATION : A Guide to the Art of Orna-
mental Painting, the Arrangement of Colours in Apartments, and the principles of
Decorative Design. With some Remarks upon the Nature and Properties of Pig-
ments. I»y James William Facey, Author of ‘‘Elementary Decoration,” &c.
With numerous Illustrations. i2mo, 2s. 61 cloth limp.

N.B.— The above Tivo Works together in One Vo/., strongly half-botind
,
price 5s.

Colour.

A GRAMMAR OF COLOURING. Applied to Decorative Painting and
the Arts. By George Field. New Edition, Revised, Enlarged, and adapted
to the use of the Ornamental Painter and Designer, by Ellis A. Davidson. With
New Coloured Diagrams and Engravings. i2mo, 3s. 6d. cloth boards.

“ The book is a most useful resumS of the properties of pigments.”

—

Builder.

House-Painting, Graining, etc.

HOUSE-PAINTING, GRAINING,MARBLING&SIGN WRITING,
A Practical Manual of. By Ellis A. Davidson. Fifth Edition. With Coloured
Plates and Wood Engravings. i2mo, 6s. cloth boards.

“ A mass of information, of use to the amateur and of value to the practical man.”

—

English Mechanic.
“ Simply invaluable to the youngster entering upon this particular calling, and highly serviceable to

the man who is practising it.”

—

Furniture Gazette.

Decorators, Receipts for.

THE DECORATOR’S ASSISTANT : A Modern Guide to Decora-
tive Artists and Amateurs, Painters, Writers, Gilders, &c. Containing upwards of
600 Receipts, Rules and Instructions ; with a variety of Information for General
Work connected with every Class of Interior and Exterior Decorations, &c.,
Fourth Edition, Revised. 152 pp., crown 8vo, is. in wrapper.

” Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of larger
treatises on colour and technical processes. It would be difficult to meet with a work so full of varied
information on the painter’s art.”

—

Building News.
“ We recommend the work to all who, whether for pleasure or profit, requ're a guide to decoration.”

—Plumber and Decorator.

Moyr Smith on Interior Decoration.

ORNAMENTAL INTERIORS ,
ANCIENT AND MODERN.

By J: Moyr Smith. Super-royal 8vo, with Thirty-Two Full-Page Plates and
numerous smaller Illustrations, handsomely bound in cloth, gilt top, price i8.y.

“ The book is well illustrated and handsomely got up, and contains some true criticism and a good
many good examples of decorative treatment.”—The Builder.

“ This is the most elaborate and beautiful work on the artistic decoration of interiors that we have
seen. . . . The scrolls, panels, and other designs from the author’s own pen are very beautiful and
chaste ;

but he takes care that the designs of other men shall figure even more than his own.”

—

Liver-
pool A Ibion.

“To all who take an interest in elaborate domestic ornament this handsome volume will be
elcome .”

—

Graphic.

British and Foreign Marbles.

MARBLE DECORA TION and the Terminology of British and Foreign
Marbles. A Handbook for Students. By George H. Blagrove, Author of
“ Shoring and its Application,” &c. With 28 Illustrations. Cr. 8vo, 3s. 6d. cloth.

“This most useful and much wanted handbook should be in the hands of every architect and
builder.”

—

Building World.
“ It is an excellent manual for students, and interesting to artistic readers generally.”

—

Saturday
Review.

“ A carefully and usefully written treatise
;
the work is essentially practical.”—Scotsman.

Marble Working, etc.

MARBLE AND MARBLE WORKERS: A Handbook for Architects,

Artists, Masons and Students. By Arthur Lee, Author of “A Visit to Carrara,”

“The Working of Marble,” &c. Small crown 8vo, 2s. cloth.

“ A really valuable addition to the technical literature of architects and masons.’’

—

Building News.

£
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DELAMOTTE’S WORKS ON ILLUMINATION AND ALPHABETS.

A PRLMER OF THE ART OF ILLUMINATION, for the Use of
Beginners: with a Rudimentary Treatise on the Art, Practical Directions for its

exercise, and Examples taken from Illuminated MSS., printed in Gold and Colours.

ByF. Delamotte. New and Cheaper Edition. Small 4to, 6s. ornamental boards.

“The examples of ancient MSS. recommended to the student, which, with much good sense, the

author chooses from collections accessible to all, are selected with judgment and knowledge, as well as

taste.
* ’

—

A thenceum.

ORNAMENTAL ALPHABETS
,
Ancient and Mediaeval, from the Eighth

Century
,
with Numerals ; including Gothic, Church-Text, large and small, German,

Italian, Arabesque, Initials for Illumination, Monograms, Crosses, &c. &c., for the

use of Architectural and Engineering Draughtsmen, Missal Painters, Masons,
Decorative Painters, Lithographers, Engravers, Carvers, &c. &c. Collected and
Engraved by F. Delamotte, and printed in Colours. New and Cheaper Edition.

Royal 8vo, oblong, 2s. 6d. ornamental boards.

“For those who insert enamelled sentences round gilded chalices, who blazon shop legends over shop-
doors, who letter church walls with pithy sentences from the Decalogue, this book will be useful.”

—

A thenceurn.

EXAMPLES OF MODERN ALPHABETS
,

Plain and Ornamental,
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, Court
Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ;

with several

Original Designs, and an Analysis of the Roman and Old English Alphabets, large

and small, and Numerals, for the use of Draughtsmen, Surveyors, Masons, Decora-
tive Painters, Lithographers, Engravers, Carvers, &c. Collected and Engraved by
F. Delamotte, and printed in Colours. New and Cheaper Edition. Royal 8vo,

oblong, 2s. 6d. ornamental boards.
“ There is comprised in it every possible shape into which the letters of the alphabet and numerals can

be formed, and the talent which has been expended in the conception of the various plain and ornamental
letters is wonderful.”

—

Standard.

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. ByF. G. Delamotte. Containing 21 Plates and Illuminated Title,

printed in Gold and Colours. With an Introduction by J. Willis Brooks.
Fourth and Cheaper Edition. Small 4to, 4*. ornamental boards.

“A volume in which the letters of the alphabet come forth glorified in gilding and all the colours of
the prism interwoven and intertwined and intermingled.”

—

Sun.

THE EMBROIDERER'S BOOK OF DESIGN. Containing Initials,

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices,

Mediaeval and Modern Alphabets, and National Emblems. Collected by F. Dela-
motte, and printed in Colours. Oblong royal 8vo, is. 6d. ornamental wrapper.

“ The book will be of great assistance to ladies and young children who are endowed with the art of

plying the needle in this most ornamental and useful 1 retty work.”

—

East Anglian Times.

Wood Caruing.

INSTRUCTIONS IN WOOD-CARVING, for Amateurs

;

with Hints
on Design. By A Lady. With Ten Plates. New and Cheaper Edition. Crown
8vo, 2s. in emblematic wrapper.

“The handicraft of the wood-carver, so well as a book can impart it, may be learnt from ‘A Lady’s ’

publication.”

—

A thenceum.

“ The directions given are plain and easily understood.”—English Mechanic.

Glass Painting.

GLASS STAINING AND THE ART OF PAINTING ON GLASS.
From the German of Dr. Gessert and Emanuel Otto Fromberg. With an
Appendix on The Art of Enamelling. i2mo, 2s. 6d. cloth limp.

Letter Painting.

THE ART OF LETTER PAINTING MADE EASY. By James
Greig Badenoch. With 12 full-page Engravings of Examples, \s.6d. cloth limp.

“The system is a simple one, but quite original, and well worth the careful attention of letter

painters. It can be easily mastered and remembered. ”—Building News.
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CARPENTRY, TIMBER, etc.

Trecfgold’s Carpentry, Revised and Enlarged by Tarn.

THEELEMENTARY PRINCIPLES OF CARPENTRY

:

A Treatise
on the Pressure and Equilibrium of Timber Framing, the Resistance of Timber,
and the Construction of Floors, Arches, Bridges, Roofs, Uniting Iron and Stone
with Timber, &c. To which is added an Essay on the Nature and Properties of

Timber, &c., with Descriptions of the kinds of Wood used in Building
;

also

numerous Tables of the Scantlings of Timber for different purposes, the Specific

Gravities of Materials, &c. By Thomas Tredgold, C.E. With an Appendix
of Specimens of Various Roofs of Iron and Stone, Illustrated. Seventh Edition,

thoroughly Revised and considerably Enlarged by E. Wyndham Tarn, M.A.,
Author of “ The Science of Building,” &c. With 61 Plates, Portrait of the Author,
and several Woodcuts. In One large Vol., 4to, price 25s. cloth.

“ Ought to be in every architect’s and every builder’s library.”

—

Builder.
“A work whose monumental excellence must commend it wherever skilful carpentry is concerned.

The author’s principles are rather confirmed than impaired by time. The additional plates are of great
intrinsic value.”

—

Building News.

Woodworking Machinery.
WOODWORKING MACHINERY: Its Rise, Progress and Construction.
With Hints on the Management of Saw Mills and the Economical Conversion of

Timber. Illustrated with Examples of Recent Designs by leading English, French,
and American Engineers. ByM. Powis Bale, A.M.Inst.C.E., M.I.M.E. Large
crown 8vo, 12s. 6d. cloth.

“ Mr. Bale is evidently an expert on the subject, and he has collected so much information that his
book is all-sufficient for builders and others engaged in the conversion of timber.”

—

Architect.
“The most comprehensive compendium of wood-working machinery we have seen. The author is a

thorough master of his subject.”

—

Building News.
“ The appearance of this book at the present time will, we should think, give a considerable impe-

tus to the onward march of the machinist engaged in the designing and manufacture of wood-working
machines. It should be in the office of every wood-working factory.’’

—

English Mechanic.

Saw Mills.

SAW MILLS : Their Arrangement and Management, and the Economical
Conversion of Timber. (A Companion Volume to “Woodworking Machinery.”)
By M. Powis Bale. With numerous Illustrations. Crown 8vo, ioj-. 6d. cloth.

“The administration of a large sawing establishment is discussed, and the subject examined from a
financial standpoint. Hence the size, shape, order, and disposition ofsaw-mills and the like are gone into
in detail, and the course of the timber is traced from its reception to its delivery in its converted state.

We could not desire a more complete or practical treatise.”

—

Builder.
“We highly recommend Mr. Bale’s work to the attention and perusal of all those who are engaged in

he art of wood conversion, or who are about building or remodelling saw-mills on improved principles.’’

—

Building News.

Carpentering.

THE CARPENTER’S NEW GUIDE

;

or, Book of Lines for Carpen-
ters

;
comprising all the Elementary Principles essential for acquiring a knowledge

of Carpentry. Founded on the late Peter Nicholson’s standard work. A New
Edition, Revised by Arthur Ashpitel, F.S.A. Together with Practical Rules
on Drawing, by George Pyne. With 74 Plates, 4to, £1 is. cloth.

Handrailing and Stairbuilding.

A PRACTICAL TREATISE ON HANDRAILING

:

Showing New
and Simple Methods for Finding the Pitch of the Plank, Drawing the Moulds,
Bevelling, Jointing-up, and Squaring the Wreath. By George Collings.
Second Edition, Revised and Enlarged, to which is added A Treatise on Stair-
building. With Plates and Diagrams. i2mo, 2s. 6d. cloth limp. \Just published.
“ Will be found of practical utility in the execution of this difficult branch of joinery.”

—

Builder.
“ Almost every difficult phase of this somewhat intricate branch ofjoinery is elucidated by the aid

of plates and explanatory letterpress.”

—

Furniture Gazette

.

Circular Work.
CIRCULAR WORK IN CARPENTRY AND JOINERY: A
Practical Treatise on Circular Work of Single and Double Curvature. By George
Collings, Author of “A Practical Treatise on Handrailing.” Illustrated with
numerous Diagrams. Second Edition, izmo, 2s. 6d. cloth limp.

“ An excellent example of what a book of this kind should be. Cheap in price, clear in definition

and practical in the examples selected.”— Builder.
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Timber Merchant’s Companion.
THE TLMBER MERCHANT'S AND BUILDER'S COMPANION.
Containing New and Copious Tables of the Reduced Weight and Measurement of

Deals and Battens, of all sizes, from One to a Thousand Pieces, and the relative

Price that each size bears per Lineal Foot to any given Price per Petersburgh Stan-
dard Hundred ; the Price per Cube Foot of Square Timber to any given Price per

Load of 50 Feet ; the proportionate Value of Deals and Battens by the Standard, to

Square Timber by the Load of 50 Feet ; the readiest mode of ascertaining the Price
of Scantling per Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c.
By William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3J. cloth.

“ Everything is as concise and clear as it can possibly be made. There can be no doubt that every
timber merchant and builder ought to possess itA— H-ull Advertiser.

“ We are glad to see a fourth edition of these admirable tables, which for correctness and simplicity of
arrangement leave nothing to be desired.”

—

Timber Trades' Journal.
“An exceedingly well-arranged, clear, and concise manual of tables for the use of all who buy or sell

timber.”

—

Journal ofForestry.

Practical Timber Merchant
THE PRACTICAL TIMBER MERCHANT: Being a Guide for the use
of Building Contractors, Surveyors, Builders, &c., corhprising useful Tables for all

purposes connected with the Timber Trade, Marks of Wood, Essay on the Strength

of Timber, Remarks on the Growth of Timber, &c. By W. Richardson. Fcap.

8vo, 3$. 6d. cloth.

“This handy manual contains much valuable information for the use of timber merchants, builders,

foresters, and all others connected with thegrowth, sale, and manufacture of timber.”

—

JournalofForestry.

Timber Freight Booh.

THE TIMBER MERCHANT'S
,
SAW MILLER'S

,
AND IM-

PORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules,

Tables, and Memoranda relating to the Timber Trade. By William Richardson,
Timber Broker

;
together with a Chapter on Speeds of Saw Mill Machinery,

by M. Powis Bale, M.I.M.E., &c. i2mo, 3^. 6d. cloth boards.

“ A very useful manual of rules, tables, and memoranda, relating to the timber trade. We recom-
mend it as a compendium of calculation to all timber measurers and merchants, and as supplying a real

want in the trade.”

—

Building News.

Packing Case Mahers, Tables for.

PACKING-CASE TABLES

;

showing the number of Superficial Feet
in Boxes or Packing-Cases, from six inches square and upwards. By W. Richard-
son, Timber Broker. Second Edition. Oblong 4to, 3^. 6d. cloth.

“ Invaluable labour-saving tables.’’—Ironmonger. “ Will save much labour and calculation.”

—

Grocer.

Superficial Measurement.
THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASURE-
MENT. Tables calculated from 1 to 200 inches in length, by 1 to 108 inches in

breadth. For the use of Architects, Surveyors, Engineers, Timber Merchants, Builders,

&c. By James Hawkings. Third Edition. Fcap., 3^. 6d. cloth.

“ A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any
surface of which the limits have been ascertained can be instantly determined. The book will be found
of the greatest utility to all engaged in building operations.”

—

Scotsman.
“ These tables will be found of great assistance to all who require to make calculations in superficial

measurement.”

—

English Mechanic.

Forestry.

THE ELEMENTS OF FORESTRY. Designed to afford Information
concerning the Planting and Care of Forest Trees for Ornament or Profit, with
suggestions upon the Creation and Care of Woodlands. By F. B. Hough. Large
crown 8vo, 10s. cloth.

Timber Importer’s Guide.

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris-
ing:—An Analysis of Deal Standards, Home and Foreign, with Comparative
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic and
North American Deals, including all intermediate Expenses, Freight, Insurance,

&c. &c.
;
together with copious Information for the Retailer and Builder. Third

Edition, Revised. i2mo, 2s. cloth limp.
“ Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws

in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c.”

—

English Mechanic.
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MARINE ENGINEERING, NAVIGATION, etc.

Chain Cables.

CHAIN CABLES AND CHAINS. Comprising Sizes and Curves df
Links, Studs, &c., Iron for Cables and Chains, Chain Cable and Chain Making,
Forming and Welding Links, Strength of Cables and Chains, Certificates for

Cables, Marking Cables, Prices of Chain Cables and Chains, Historical Notes,

Acts of Parliament, Statutory Tests, Charges for Testing, List of Manufacturers of

Cables, &c., &c. By Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer

-

Surveyor-in-Chief, Board of Trade, Inspector of Chain Cable and Anchor Proving
Establishments, and General Superintendent, Lloyd’s Committee on Proving
Establishments. With numerous Tables, Illustrations, and Lithographic Drawings;
Folio, £2 2s. cloth, bevelled boards.

“ It contains a vast amount of valuable information. Nothing seems to be wanting to make it a com-
plete and standard work of reference on the subject .”—Nautical Magazine.

Marine Engineering.

MARINE ENGINES AND STEAM VESSELS (A Treatise on).
By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with considerable
Additions by the Author and by George Carlisle, C.E., Senior Surveyor to the
Board of Trade at Liverpool. i2mo, 5^. cloth boards.

“ Well adapted to give the young steamship engineer or marine engine and boiler maker a general
introduction into his practical work.”

—

Mechanical World.
“ We feel sure that this thoroughly revised edition will continue to be as popular in the future

as it has been in the past, as, for its size, it contains more useful information than any similar
treatise.’ ’—/ndustries.

“ As a compendious and useful guide to engineers of our mercantile and royal naval services, we
should say it cannot be surpassed.”

—

Building News.
*' The information given is both sound and sensible, and well qualified to direct young sea-going

hands on the straight road to the extra chief ’s certificate. . . . Most useful to surveyors, inspectors,
draughtsmen, and all young engineers who take an interest in their profession.”

—

Glasgow Herald.
“ An indispensable manual for the student of marine engineering.”

—

Liverpool Mercury.

Pocket-Book for Naoal Architects and Shipbuilders.

THE NA VAL ARCHITECT'S AND SHIPBUILDER'S POCKET-
BOOK of Formulae,

Rules
,
and Tables

, and MARINE ENGINEER ’S AND
SURVEYOR'S Handy Book of Reference. By Clement Mackrow, Member of
the Institution of Naval Architects, Naval Draughtsman. Fourth Edition, Revised.
With numerous Diagrams, &c. Fcap., I2j. 6d., strongly bound in leather.
“ Should be used by all who are engaged in the construction or design of vessels. . . . Will be

found to contain the most useful tables and formulae required by shipbuilders, carefully collected from
the best authorities, and put together in a popular and simple form.”

—

Engineer.
“ The professional shipbuilder has now, in a convenient and accessible form, reliable data for solving

many of the numerous problems that present themselves in the course of his work.”

—

Iron.
“ There is scarcely a subject on which a naval architect or shipbuilder can require to refresh his

memory which will not be found within the covers of Mr. Mackrow’s book.”—English Mechanic.

Pocket-Book for Marine Engineers.

A POCKET-BOOKOF USEFUL TABLES AND FORMULAS FOR
MARINE ENGINEERS. By Frank Proctor, A.I.N.A. Third Edition.
Royal 32mo, leather, gilt edges, with strap, 4^.

“ We recommend it to our readers as going far to supply a long-felt want.”—Naval Science.
“ A most useful companion to all marine engineers. ”— United Service Gazette.

Introduction to Marine Engineering.

ELEMENTARY ENGINEERING: A Manual for Young Marine
Engineers and Apprentices. In the Form of Questions and Answers on Metals,
Alloys, Strength of Materials, Construction and Management of Marine Engines
and Boilers, Geometry, &c. &c. With an Appendix of Useful Tables. By John
Sherren Brewer, Government Marine Surveyor, Hongkong. Small crown
8vo, 2s. cloth.

“ Contains much valuable information for the class for whom it is intended, especially in the
chapters on the management of boilers and engines."—Nautical Magazine.

“ A useful introduction to the more elaborate text books.”

—

Scotsman.
“ To a student who has the requisite desire and resolve to attain a thorough knowledge Mi-

Brewer offers decidedly useful help.”

—

Athenceum.
^

*

Nauigation.

PRACTICAL NA VIGA TION. Consisting of The Sailor’s Sea-Book
by James Greenwood and W. H. Rosser

; together with the requisite Mathe-
matical and Nautical Tables for the Working of the Problems, by Henry Law
C.E., and Professor J. R. Young. Illustrated. i2mo, 7s. strongly half-bound.

*
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MINING AND METALLURGY.

Metalliferous Mining in the United Kingdom.
BRITISH MINING : A Treatise on the History

,
Discovery, Practical

Development
,
and Future Prospects of Metalliferous Mines in the United Kingdom

.

By Robert Hunt, F.R.S., Keeper of Mining Records
;

Editor of “Ure’s Dic-

tionary of Arts, Manufactures, and Mines,” &c. Upwards of 950 pp., with 230
Illustrations. Second Edition, Revised. Super-royal 8vo, £2 2s. cloth.

“ One of the most valuable works of reference of modern times. Mr. Hunt, as Keeper of Mining
Records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else, and
has evidently made the most of them. . . . The language and style adopted are good, and the treat-

ment of the various subjects laborious, conscientious, and scientific.”

—

Engineering.
“ The book is, in fact, a treasure-house of statistical information on mining subjects, and we know

of no other work embodying so great a mass of matter of this kind. Were this the only merit of Mr.
Hunt’s volume it would be sufficient to render it indispensable in the library of everyone interested in the

development of the mining and metallurgical industries of this country.”

—

Athenceum.
“ A mass of information not elsewhere available, and of the greatest value to those who may be in-

terested in our great mineral industries.”

—

Engineer.
“ A sound, business-like collection of interesting facts The amount of information Mr.

Hunt has brought together is enormous. . . . The volume appears likely to convey more instruction

upon the subject than any work hitherto published.”

—

Mining Journal.

Colliery Management
THE COLLIERY MANAGER’S HANDBOOK: A Comprehensive
Treatise on the Laying-out and Working of Collieries, Designed as a Book of
Reference for Colliery Managers, and for the Use of Coal-Mining Students pre-

paring for First-class Certificates. By Caleb Pamely, Mining Engineer and
Surveyor

; Member of the North of England Institute of Mining and Mechanical
Engineers

;
and Member of the South Wales Institute of Mining Engineers.

With nearly 500 Plans, Diagrams, and other Illustrations. Medium 8vo, about
600 pages. Price £1 5-r. strongly bound. [fast ready.

Coal and Iron.

THE COAL AND IRON INDUSTRIES OF THE UNITED
KINGDOM. Comprising a Description of the Coal Fields, and of the Principal

Seams of Coal, with Returns of their Produce and its Distribution, and Analyses of

Special Varieties. Also, an Account of the occurrence of Iron Ores in Veins or

Seams ;
Analyses of each Variety ; and a History of the Rise and Progress of Pig

Iron Manufacture. By Richard Meade, Assistant Keeper of Mining Records.
With Maps. 8vo, £1 8s. cloth.

“ The book is one which must find a place on the shelves of all interested in coal and iron production,
and in the iron, steel, and other metallurgical industries.”

—

Engineer.
“ Of this book we may unreservedly say that it is the best of its class which we have ever met. . . .

A book of reference which no one engaged in the iron or coal trades should omit from his library.”

—

Iron
and Coal Trades' Review.

Prospecting for Gold and other Metals.
THE PROSPECTOR’S HANDBOOK : A Guide for the Prospector
and Traveller in Search of Metal- Bearing or other Valuable Minerals. By J. W.
Anderson, M.A. (Camb.), F.R.G.S., Author of “Fiji and New Caledonia.”
Fifth Edition, thoroughly Revised and Enlarged. Small crown 8vo, 3j. 6</. cloth.
“ Will supply a much felt want, especially among Colonists, in whose way are so often thrown many

mineralogical specimens the value of which it is difficult to determine.”

—

Engineer.
“ How to find commercial minerals, and how to identify them when they are found, are the leading

points to which attention is directed. The author has managed to pack as much practical detail into his
pages as would supply material for a book three times its size.”—Mining Journal.

Mining Notes and Formulae.

NOTES AND FORMULAS FOR MINING STUDENTS. I3y John
Herman Merivale, M.A.

,
Certificated Colliery Manager, Professor of Mining in

the Durham College of Science, Newcastle-upon-Tyne. Third Edition, Revised
and Enlarged. Small crown 8vo, 2s. 6d. cloth. [Just published.
“ Invaluable to anyone who is workinpup for an examination on mining subjects.”

—

Coal and Iron
Trades' Review.

The author has done his work in an exceedingly creditable manner, and has produced a book
that will be of service to students, and those who are practically engaged in mining operations.”

—

Engineer.
“ A vast amount of technical matter of the utmost value to mining engineers, and of considerable

interest to students.”—Schoolmaster.
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Explosives.

A HANDBOOK ON MODERN EXPLOSIVES. Being a Practical
Treatise on the Manufacture and Application of Dynamite, Gun-Cotton, Nitro-

Glycerine and other Explosive Compounds. Including the Manufacture of
Collodion-Cotton. By M. Eissler, Mining Engineer and Metallurgical Chemist,
Author of “The Metallurgy of Gold,” “The Metallurgy of Silver,” &c. With
about 100 Illustrations. Crown 8vo, 10s. 6d. cloth. [Jtest published.

“ Useful not only to the miner, but also to officers of both services to whom blasting and the
use of explosives generally may at any time become a necessary auxiliary.”

—

Nature.
“ A veritable mine of information on the subject of explosives employed for military, mining and

blasting purposes.”—A rmy and, Navy Gazette.
“The book is clearly written. Taken as a whole we consider it an excellent little book and one

that should be found of great service to miners and others who are engaged in work requiring the
use of explosives.”

—

Athenceum.

Gold, Metallurgy of.

THE METALLURGY OF GOLD : A Practical Treatise on the

Metallurgical Treatment of Gold-bearing Ores. Including the Processes of Concen-
tration and Chlorination, and the Assaying, Melting and Refining of Gold. By M.
Eissler, Mining Engineer and Metallurgical Chemist, formerly Assistant Assayer
of the U.S. Mint, San Francisco. Third Edition, Revised and greatly Enlarged.
With 187 Illustrations. Crown 8vo, 12s. 6d. cloth. [Just published.

“ This book thoroughly deserves its title of a ‘ Practical Treatise.’ The whole process of gold
milling, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly
narrative and with much, but not too much, fulness of detail.”

—

Saturday Review.
“The work is a storehouse of information and valuable data, and we strongly recommend it to

all professional men engaged in the gold-mining industry.”

—

Mining Journal.

Silver, Metallurgy of.

THE METALLURGY OF SILVER: A Practical Treatise on the

Amalgamation
, Roasting,

and Lixiviation of Silver Ores. Including the Assaying,

Melting and Refining of Silver Bullion. By M. Eissler, Author of “ The Metal*

lurgy of Gold.” With 124 Illustrations. Crown 8vo, ioj. 6d. cloth.

“ A practical treatise, and a technical work which we are convinced will supply a long felt w nt
amongst practical men, and at the same time be of value to students and others indirectly connected
with the industries.”

—

Mining Journal.
“From first to last the book is thoroughly sound and reliable.”

—

Colliery Guardian.
“For chemists, practical miners, assayers and investors alike, we do not know of any work on

the subject so handy and yet so comprehensive.”—'Glasgow Herald.

Silver-Lead, Metallurgy of
THE METALLURGY OF ARGENTIFEROUS LEAD ORES ; A
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of Lead
Bullion. Illustrated with Plans and Sections of Smelting Furnaces and Plant

in Europe and America. By M. Eissler, Author of “ The Metallurgy of Gold,”
“ The Metallurgy of Silver,” &c. Crown 8vo. [In the press.

Metalliferous Minerals and Mining.

TREA TISE ON METALLIFEROUS MINERALS AND MINING.

By D. C. Davies, F.G.S., Mining Engineer, &c., Author of “ A Treatise on Slate

and Slate Quarrying.” Illustrated with numerous Wood Engravings. Fourth
Edition, carefully Revised. Crown 8vo, 12s. 6d. cloth.

“ Neither the practical miner nor the general reader, interested in mines, can have a better book for

his companion and his guide.”

—

Mining Jour?ial.
“ We are doing our readers a service in calling their attention to this valuable work.”

—

Mining World.
“A book that will not only be useful to the geologist, the practical miner, and the metallurgist

;
but

also very interesting to the general public.”

—

Iron.
“Asa history of the present state of mining throughout the world this book has a real value, and it

supplies an actual want.”

—

Athenceum.

Earthy Minerals and Mining.

A TREATISE ON EARTHY AND OTHER MINERALS, AND
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Companion
Volume to, the same Author’s “Metalliferous Minerals and Mining.” With 76
Wood Engravings. Second Edition. Crown 8vo, 12^. 6d. cloth.

“ We do not remember to have met with any English work on mining matters that contains the same
amount of information packed in equally convenient form.”

—

Academy.
“We should be inclined to rank it as among the very best of the handy technical and trades

manuals which have recently appeared.”

—

British Quarterly Review.
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Mineral Surveying and Valuing.

TILE MINERAL SURVEYOR AND VALUER’S COMPLETE
GUIDE

,
comprising a Treatise on Improved Mining Surveying and the Valuation

of Mining Properties, with New Traverse Tables. By Wm. Lintern, Mining and
Civil Engineer. Third Edition, with an Appendix on “Magnetic and Angular
Surveying,” with Records of the Peculiarities of Needle Disturbances. With Four
Plates of Diagrams, Plans, &c. i2mo, 4^. cloth. [Just published.

“ Mr. Lintern’s book forms a valuable and thoroughly trustworthy guide.”

—

Iron and Coal Trades'
Review.

“ This new edition must be of the highest value to colliery surveyors, proprietors and managers.”
Colliery Guardian.

Asbestos and its Uses.

ASBESTOS : Its Properties
,

Occurrence and Uses. With some
Account of the Mines of Italy and Canada. By Robert H. Jones. With Eight
Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth.

[fust published.
“ An interesting an invaluable work.”

—

Colliery Guardian.
“ We counsel our readers to get this exceedingly interesting work or themselves ;

they will

find in it much that is suggestive, and a great deal that is of immediate and practical usefulness.’’

—

Builder.
“A valuable addition to the architect’s and engineer's library."—Building News.

Underground Pumping Machinery.
MINE DRAINAGE

:

Being a Complete and Practical Treatise on Direct*
Acting Underground Steam Pumping Machinery, with a Description of a large

number of the best known Engines, their General Utility and the Special Sphere of

their Action, the Mode of their Application, and their merits compared with other

forms of Pumping Machinery. By Stephen Michell. 8vo, 15 s. cloth.
“ Will be highly esteemed by colliery owners and lessees, mining engineers, and students generally

who require to be acquainted with the best means of securing the drainage of mines. It is a most valu-
able work, and stands almost alone in the literature of steam pumping machinery.”—Colliery Guardian.

“ Much valuable information is given, so that the book is thoroughly worthy of an extensive circu-

lation amongst practical men and purchasers of machinery.”

—

Mining Journal.

Mining Tools.

A MANUAL OF MINING TOOLS. For the Use of Mine Managers,
Agents, Students, &c. By William Morgans, Lecturer on Practical Mining at

the Bristol School of Mines. i2mo, 2s. 6d. cloth limp.

ATLAS OF ENGRAVINGS to Illustrate the above, containing 235
Illustrations of Mining Tools, drawn to scale. 4to, 4^. 6d. cloth.

“ Students in the science of mining, and overmen, captains, managers, and viewers may gain
practical knowledge and useful hints by the study of Mr. Morgans’ manual.”

—

Colliery Guardian.

“A valuable work, which will tend materially to improve our mining literature.”

—

Mining Journal.

Coal Mining.

COAL AND COAL MINING : A Rudimentary Treatise on. By the
late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the Mines
of the Crown. Seventh Edition, Revised and Enlarged. With numerous Illus-

trations, i2mo, 4s. cloth boards. [Just published.
“ As an outline is given of every known coal-field in this and other countries, as well as of the principal

methods of working, the book will doubtless interest a very large number of readers.”—Mining Journal.

Subterraneous Surveying.

SUBTERRANEOUS SURVEYING, Elementary and Practical Treatise
on ; with and without the Magnetic Needle. By Thomas Fenwick, Surveyor of

Mines, and Thomas Baker, C.E. Illustrated. i2mo, 3^. cloth boards.

Granite Quarrying.

GRANITES AND OUR GRANITE INDUSTRIES. By George
F. Harris, F.G.S., Membre de la Societe Beige de Geologie, Lecturer on
Economic Geology at the Birkbeck Institution, &c. With Illustrations. Crown
8vo, 2s. 6d. cloth.

“ A clearly and well-written manual for persons engaged or interested in the granite industry.”—
Scotsman.

“ An interesting work, which will be deservedly esteemed.”—Colliery Guardian.
“ An exceedingly interesting and valuable monograph on a subject which has hitherto received

unaccountably little attention in the shape of systematic literary treatment.’’—Scottish Leader.
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ELECTRICITY, ELECTRICAL ENGINEERING, ETC.

Electrical Engineering.

THE ELECTRICAL ENGINEERSPOCKET-BOOK OFMODERN
RULES

,
FORMULAi\ TABLES AND DATA. By H. R. Kempe, M. Inst.

E.E., A.M. Inst. C.E., Technical Officer Postal Telegraphs, Author of “ A Hand-
book of Electrical Testing,” &c. With numerous Illustrations, royal 32mo,
oblong, 5 s. leather. [Just published.

" There is very little in the shape of formulas or data which the electrician is likely to want in

a hurry which cannot be found in its pages.”

—

Practical Engineer.
" A very useful book of reference for daily use in practical electrical engineering and its various

applications to the industries of the present day.”

—

Iron.
“ It is the best book of its kind.”

—

Electrical Engineer.
“ Well arranged and compact. The Electrical Engineer’s Pocket-Book is a good one."—Elec-

trician.
“ Strongly recommended to those engaged in the various electrical industries.’’— Electrical

Review.

Electric Lighting.

ELECTRIC LIGHT FLTT/NG

:

A Handbook for Working Electrical

Engineers, embodying Practical Notes on Installation Management. By John
W. UrQuHart, Electrician, Author of “ Electric Light,” &c. With numerous
Illustrations, crown 8vo, 5^. cloth. [just published.

“This volume deals with what may be termed the mechanics of electric lighting, and is

addressed to men who are already engaged in the work, or are training for it. The work traverses

a great deal of ground, and may be read as a sequel to the same author’s useful work on 1 Electric
Light.’ ”

—

Electrician.
“ This is an attempt to state in the simplest language the precautions which should be adopted

in installing the electric light, and to give information for the guidance of those who have to run the
plant when installed. The book is well worth the perusal of the workman, for whom it is written.”

—

Electrical Review.
“ We have read this book with a good deal of pleasure. We believe that the book will be of

use to practical workmen, who will not be alarmed by finding mathematical formulae which they
are unable to understand.”

—

Electrical Plant.
11 Eminently practical and useful Ought to be in the hands of everyone in charge of an

electric light plant.”

—

Electrical Engineer.
“ Altogether Mr. Urquhart has succeeded in producing a really capital book, which we have no

hesitation in recommending to the notice of working electricians and electrical engineers.”—
Mechanical World.

Electric Light.

ELECTRIC LIGHT: Its Production and Use. Embodying Plain Directions
for the Treatment of Dynamo-Eiectric Machines, Batteries, Accumulators, and
Electxic Lamps. ByJ. W. Urquhart, C.E., Author of “Electric Light Fitting,”
“ Electroplating,” &c. Fourth Edition, carefully Revised, with Large Additions
and 145 Illustrations. Crown 8vo, *js. 6d. cloth. [Just published.

“ The book is by far the best that we have yet met with on the subject.”

—

Atheneeum.
“ It is the only work at present available, which gives in language intelligible for the most part to

the ordinary reader, a general but concise history of the means which have been adopted up to the
present time in producing the electric light.”

—

Metropolitan.
“ The book contains a general account of the means adopted in producing the electric light, not

only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric machine in

several of its forms.”

—

Colliery Guardian.

Construction of Dynamos.
DYNAMO CONSTRUCTION: A Practical Handbook for the Use of
Engineer Constructors and Electricians in Charge. With Examples of leading

English, American and Continental Dynamos and Motors. ByJ. W. Urquhart,
Author of “ Electric Light,” “ Electric Light Fitting,” &c. Crown 8 vo. [In thepress.

Text-Book of Electricity.

THE STUDENT'S TEXTBOOK OF ELECTRICITY. By Henry
M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. With an
Introduction and Additional Chapters, by W. H. Preece, M. I.C.E., Vice-President
of the Society of Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo,
12s. 6d. cloth.

“ The original plan of this book has been carefully adhered to so as to make it a reflex of the existing
state of electrical science, adapted for students. . . . Discovery seems to have progressed with marvellous
strides ; nevertheless it has now apparently ceased, and practical applications have commenced their
career ; and it is to give a faithful account of these that this fresh edition of Dr. Noad’s valuable text-
book is launched forth.”

—

Extractfrom Introduction by W. H. Preece, Esq.
‘‘We can recommend Dr. Noad’s book for clear style, great range of subject, a good index, and a

plethora of woodcuts. Such collections as the present are indispensable.”

—

Atheneeum.
‘ * An admirable text-book for every student—beginner or advanced—of electricity.”

—

Engineering.
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Electric Lighting.

THE ELEMENTARY PRLNCLPLES OF ELECTRIC-LTGHTLNG.
By Alan A. Campbell Swinton, Associate I.E.E. Second Edition, Enlarged
and Revised. With Sixteen Illustrations. Crown 8vo, is. 6d. cloth.

“Anyone who desires a short and thoroughly clear exposition of the elementary principles of
electric-lighting cannot do better than read this little work.”

—

Bradford Observer.

Electricity.

A MANUAL OF ELECTRLCLTY ; including Galvanism
,
Magnetism,

Dia-Magnetism, Electro-Dynamics, Magno-Electricity
,
and the Electric Telegraph.

By Henry M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. With 500 Woodcuts.
8vo, £1 4s. cloth.
“ It is worthy of a place in the library of every public institution.”

—

Mining Journal.

Dynamo Construction.

HOW TO MAKE A DYNAMO : A Practical Treatisefor Amateurs.
Containing nume rous Illustrations and Detailed Instructions for Constructing a

Small Dynamo, to Produce the Electric Light. By Alfred Crofts. Third
Edition, Revised and Enlarged. Crown 8vo, 2 s. cloth. {Just published.

“ The instructions given in this unpretentious little book are sufficiently clear and explicit to

enable any amateur mechanic possessed of average skill and the usual tools to be found in an
amateur’s workshop, to build a practical dynamo machine.”

—

Electrician.

NATURAL SCIENCE, etc.

Pneumatics and Acoustics.

PNEUMATLCS : Lncluding Acoustics and The Phenomena of Wind
Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S., F.C.S.,
&c. Fourth Edition Enlarged. With Numerous Illustrations. i2mo, is. 6d. cloth.

“ Beginners in the study of this important application of science could not have a better manual.”

—

Scotsman.
“A valuable and suitable text-book for students of Acoustics and the Phenomena of Wind Currents.”

Schoolmaster.

Conchology.
A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent and
Fossil Shells

.

By S. P. Woodward, A.L. S., F.G.S., late Assistant Palaeontologist

in the British Museum. With an Appendix on Recent and Fossil Conchological

Discoveries by Ralph Tate, A.L.S., F.G.S. Illustrated by A. N. Waterhouse
and Joseph Wilson Lowry. With 23 Plates and upwards of 300 Woodcuts.
Reprint of Fourth Edition, 1880. Crown 8vo, 7s. 6d. cloth.
“ A most valuable storehouse of conchological and geological information.”

—

Science Gossip.

Geology.

RUDLMENTARY TREATLSE ON GEOLOGY
,
PHYSLCAL AND

HLSTORTCAL. Consisting of “ Physical Geology,” which sets forth the Leading
Principles of the Science; and “Historical Geology,” which treats of the Mineral
and Organic Conditions of the Earth at each successive epoch, especial reference

being made to the British Series of Rocks. By Ralph Tate, A.L.S., F.G.S.,
&c. &c. With 230 Illustrations. i2mo, 5^. cloth boards.

“ The fulness of the matter has elevated the book into a manual. Its information is exhaustive and
well arranged.”

—

School Board Chronicle.

Geology and Genesis.

THE TWLN RECORDS OF CREATLON; or, Geology and Genesis,
their Perfect Harmony and Wonderful Concord. By George W. Victor le Vaux.
Numerous Illustrations. Fcap. 8vo, 5j. cloth.

“ A valuable contribution to the evidences of Revelation, and disposes very conclusively of the argu-
ments of those who would set God’s Works against God’s Word. No real difficulty is shirked, and no
sophistry is left unexposed.”

—

The Rock.
“ The remarkable peculiarity of this author is that he combines an unbounded admiration of science

with an unbounded admiration of the Written record. The two impulses are balanced to a nicety ; and
the consequence is that difficulties which to minds less evenly poised would be serious find immediate
solutions of the happiest kinds.”

—

London Review.

Astronomy.
ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., formerly
Radcliffe Observer at Oxford. Third Edition, Revised and Corrected to the present

Time, by William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal
Observatory, Greenwich. i2mo, 2s. cloth limp.
“A sound and simple treatise, very carefully edited, and a capital book for beginners.”— Knoivledge.
“ Accurately brought down to the requirements of the present time by Mr.Lynn."

—

Educational Times.
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DR. LARDNER’S COURSE OF NATURAL PHILOSOPHY

.

THE HANDBOOK OF MECHANICS. Enlarged and almost re-

written by Benjamin Loewy, F.R.A.S. With 378 Illustrations. Post 8vo, 6s.

cloth.

“The perspicuity of the original has been retained, and chapters which had become obsolete have
been replaced by others of more modern character. The explanations throughout are studiously popular,

and care has been taken to*show the application of the various branches of physics to the industrial arts,

and to the practical business of life.”

—

Mining Journal.
“ Mr. Loewy has carefully revised the book, and brought it up to modern requirements.”

—

Nature.
“ Natural philosophy has had few exponents more able or better skilled in the art of popularising the

subject than Dr. Lardner ; and Mr. Loewy is doing good service in fitting this treatise, and the others

of the series, for use at the present time.”

—

Scotsman.

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
New Edition, Revised and Enlarged by Benjamin Loewy, F.R.A.S. With 236
Illustrations. Post 8vo, 5 s. cloth.

“ For those ‘who desire to attain an accurate^ knowledge of physical science without the profound
methods of mathematical investigation,’ this work Is not merely intended, but well adapted.”

—

Chemical
News.

“The volume before us has been carefully edited, augmented to nearly twice the bulk of the former
edition, and all the most recent matter has been added. . . . It is a valuable text-book.”

—

Nature.
“ Candidates for pass examinations will find it, we think, specially suited to their requirements.”

—

English Mechanic.

THE HANDBOOK OF HEAT. Edited and almost entirely re-written

by Benjamin Loewy, F. R.A. S., &c. 117 Illustrations. Post 8vo, 6s. cloth.

“The style is always clear and precise, and conveys instruction without leaving any cloudiness or
lurking doubts behind.”

—

Engineering.
“ A most exhaustive book on the subject on which it treats, and is so arranged that it can be under-

stood by all who desire to attain an accurate knowledge of physical science. . . . Mr. Loewy has
included all the latest discoveries in the varied laws and effects of heat.”—Standard.

“ A complete and handy text-book for the use of students and general readers.”

—

English Mechanic.

THE HANDBOOK OF OPTICS. By Dionysius Lardner, D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in University College,

London. New Edition. Edited by T. Olver Harding, B. A. Lond., of University

College, London. With 298 Illustrations. Small 8vo, 448 pages, 5j. cloth.

“Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.”—Mechanic’s Magazine.

THE HANDBOOK OF ELECTRICITY
,
MAGNETISM

,
AND

ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edited by Geo. Carey
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 5-f. cloth.

“The book could not have been entrusted to anyone better calculated to preserve the terse and
lucid style of Lardner, while correcting his errors and bringing up his work to the present state of
scientific knowledge.”

—

Popular Science Review.

THE HANDBOOK OF ASTRONOMY. Forming a Companion to

the “Handbook of Natural Philosophy.” By Dionysius Lardner, D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in University College,

London. Fourth Edition. Revised and Edited by Edwin Dunkin, F.R.A.S. }

Royal Observatory, Greenwich. With 38 Plates and upwards of 100 Woodcuts.
In One Vol., small 8vo, 550 pages, 9s. 6d. cloth.

“ Probably no other book contains the same amount of information in so compendious and well-
arranged a form—certainly none at the price at which this is offered to the public.”

—

Athenaeum.
“ We can do no other than pronounce this work a most valuable manual of astronomy, and we

strongly recommend it to all who wish to acquire a general—but at the same time correct— acquaintance
with this sublime science.”

—

Quarterly Journal of Science.
“ One of the most deservedly popular books on the subject . . . We would recommend not only

the student of the elementary principles of the science, but him who aims at mastering the higher and
mathematical branches of astronomy, not to be without this work beside him.”

—

Practical Magazine.

Dr. Lardner’s Electric Telegraph.

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Revised and
Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 8vo, 2s. 6d. cloth.

“ One of the most readable books extant on the Electric Telegraph.”

—

English Mechanic.
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DR. LARDNER'S MUSEUM Oh SCIENCE AND ART.

THE MUSEUM OF SCLENCE AND ART. Edited by Dionysius
Lardner, D.C.L., formerly Professor of Natural Philosophy and Astronomy in

University College, London. With upwards of 1,200 Engravings on Wood. In 6

double volumes, £1 is., in a new and elegant cloth binding; or handsomely
bound in half morocco, 3U. 6d.

*** Opinions of the Press.

“ This series, besides affording popular but sound instruction on scientific subjects, with which the
humblest man in the country ought to be acquainted, also undertakes that teaching of ‘ Common Things *

which every well wisher of his kind is anxious to promote. Many thousand copies of this serviceable
publication have been printed, in the belief and hope that the desire for instruction and improvement
widely prevails

;
and we have no fear that such enlightened faith will meet with disappointment.”

—

Times.
“ A cheap and interesting publication, alike informing and attractive. The papers combine subjects

of importance and great scientific knowledge, considerable inductive powers, and a popular style of
treatment.”

—

Spectator.
“ The ‘ Museum of Science and Art ’ is the most valuable contribution that has ever been made to

the scientific instruction of every class of society.”—Sir David Brewster, in the North British
Review.

“ Whether we consider the liberality and beauty of the illustrations, the charm of the writing, or

the durable interest of the matter, we must express our belief that there is hardly to be found among the
new books one that would be welcomed by people of so many ages and classes as a valuable present.”—
Examiner„

*V* Separate books formedfrom the above
, suitablefor Workmen's Libraries

,

Science Classes, &c.

Common Things Explained. Containing Air, Earth, Fire, Water, Time, Man,
the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illustrations, cloth

gilt, 5s-

The Microscope. Containing Optical Images, Magnifying Glasses, Origin and
Description of the Microscope, Microscopic Objects, the Solar Microscope, Micro-
scopic Drawing and Engraving, &c. 147 Illustrations, cloth gilt, 2s.

Popular Geology. Containing Earthquakes and Volcanoes, the Crust of the

Earth, &c. 201 Illustrations, cloth gilt, 2s. 6d.

Popular Physics. Containing Magnitude and Minuteness, the Atmosphere,
Meteoric Stones, Popular Fallacies, Weather Prognostics, the Thermometer, the

Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2s. 6d.

Steam and its Uses. Including the Steam Engine, the Locomotive, and Steam
Navigation. 89 Illustrations, cloth gilt, 2s.

Popular Astronomy. Containing How to observe the Heavens. The Earth, Sun,
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c. 182 Illus-

trations, 4r. 6d.

The Bee and White Ants : Their Manners and Habits. With Illustrations of

Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2s.

The Electric Telegraph Popularized. To render intelligible to all who can
Read, irrespective of any previous Scientific Acquirements, the various forms of

Telegraphy in Actual Operation. 100 Illustrations, cloth gilt, is, 6d-

Dr. Lardner’s School Handbooks.

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner.
328 Illustrations. Sixth Edition. One Vol., 3J. 6d. cloth.

‘‘A very convenient class-book for junior students in private schools. It is intended to convey, in

clear and precise terms, general notions of all the principal divisions of Physical Science.”

—

British

Quarterly Review.

ANIMAL PHYSIOLOGYFOR SCHOOLS. By Dr. Lardner. With
190 Illustrations. Second Edition. One Vol., 3^. 6d. cloth.

“Clearly written, well arranged, and excellently illustrated.”

—

Gardener's Chronicle.
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Accounts for Manufacturers.
FACTORY ACCOUNTS

:

Their Principles and Practice. A Hand-book
for Accountants and Manufacturers, with Appendices on the Nomenclature of Machine
Details

; the Income Tax Acts ;
the Rating of Factories ; Fire and Boiler Insurance ;

the Factory and Workshop Acts, &c., including also a Glossary of Terms and a large

number of Specimen Rulings. By Emile Garcke and J. M, Fells. Third
Edition. Demy 8vo, 250 Pages. Price 6s. strongly bound.
“A very interesting description of the requirements of Factory Accounts. . . . The principle of

assimilating the Factory Accounts to the general commercial books is one which we thoroughly agree
with. ”

—

Accountants' Journal.

_

“ Characterised by extreme thoroughness. There are few owners of factories who would not
derive great benefit from the perusal of this most admirable work.”

—

Local Government Chronicle

.

Foreign Commercial Correspondence.
THE FOREIGN COMMERCIAL CORRESPONDENT : Being Aids
to Commercial Correspondence in Five Languages, English, French, German,
Italian, and Spanish. By Conrad E. Baker, Second Edition, Revised. Crown
8vo, 3^. 6d. cloth.
“ Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better

than study this work, the materials of which are excellent and conveniently arranged. They
consist not of entire specimen letters, but — what are far more useful—short passages, sentences, or
phrases expressing the same general idea in various forms.”

—

Athenczum.
“ A careful examination has convinced us that it is unusually complete, well arranged and

reliable. The book is a thoroughly good one."—Schoolmaster.

intuitive Calculations.

THE COMPENDIOUS CALCULA TOR ; or, Easy and Concise Methods
of Performing the various Arithmetical Operations required in Commercial and
Business Transactions, together with Useful Tables. By Daniel O ‘Gorman.
Corrected and extended by J. R. Young, formerly Professor of Mathematics at

Belfast College. Twenty-seventh Edition, carefully Revised by C. Norris. Fcap.
8vo, 2s. 6d. cloth limp ; or, 3s, 6d. strongly half bound in leather.

“It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in com-
merce or manufacturing industry. It is crammed full of rules and formulae for shortening and employing
ca lculations.

1 ’

—

Knowledge.
“Supplies special and rapid methods for all kinds of calculations. Of great utility to persons

engaged in any kind of commercial transactions.”

—

Scotsman.

Modern Metrical Units and Systems.
MODERN METROLOGY : A Manual of the Metrical Units and
Systems of the present Century. With an Appendix containing a proposed English
System. By Lowis D’A. Jackson, A.M. Inst. C.E., Author of “ Aid to Survey
Practice,” &c. Large crown 8vo, 12s. 6d. cloth.

“ The author has brought together much valuable and interesting information. . . . We cannot
but recommend the work to the consideration of all interested in the practical reform of our weights and
measures.’ ’

—

Nature.
“ For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstrations

of the effects of the various systems that have been proposed or adopted, Mr. Jackson’s treatise is

without a rival.”

—

Academy.

The Metric System and the British Standards.

A SERIES OF METRIC TABLES
,
in which the British Standard

Measures and Weights are compared with those of the Metric System at present in

Use on the Continent. By C. H. Dowling, C. E. 8vo, ioj. 6d. strongly bound.
“ Their accuracy has been certified by Professor Airy, the Astronomer-Royal.”

—

Builder.
“ Mr. Dowling’s Tables are well put together as a ready reckoner for the conversion of one system

into the other.”

—

Athenaeum.

Iron and Metal Trades’ Calculator.

THE IRON AND METAL TRADES' COMPANION: For ex-
peditiously ascertaining the Value of any Goods bought or sold by Weight, from is.

per cwt. to 112^. percwt., and from one farthing per pound to one shilling per pound.
Each Table extends from one pound to 100 tons ; to which are appended Rules on
Decimals, Square and Cube Root, Mensuration of Superficies and Solids, &c.

;

also Tables of Weights of Materials, and other Useful Memoranda. By Thomas
Downie. Strongly bound in leather, 396 pp., gs.

“Amost useful set of tables, and will supplyawant, for nothing like them before existed.”

—

Building
News.

“ Although specially adapted to the iron and metal trades, the tables will be found useful in every
other business in which merchandise is bought and sold by weight.”

—

Bailway News.
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Calculator for Numbers and Weights Combined.
THE NUMBER,, WEIGHT AND FRACTIONAL CALCULATOR.
Containing upwards of 250,000 Separate Calculations, showing at a glance the value
at 422 different rates, ranging from xJgth of a Penny to 20s. each, or per cwt., and
£20 per ton, of any number of articles consecutively, from 1 to 470.—Any number
of cwts., qrs., and lbs., from 1 cwt. to 470 cwts.—Any number of tons, cwts., qrs.

and lbs., from 1 to 1,000 tons. By William Chadwick, Public Accountant.
Third Edition, Revised and Improved. 8vo, price i8.r., strongly bound for Office

wear and tear. [Just published.
*** This work is specially adapted for the Apportionment of Mileage Charges for

Railway Traffic.
Vdt" This comprehensive and entirely unique and original Calculator is adapted for

the use of Accountants and Auditors, Railway Companies
, Canal Companies, Shippers,

Shipping Agents, General Carriers
,
Sfc.

Ironfounders, Brassfounders, Metal Merchants, Iron Manufacturers
,
Ironmongers,

Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder Makers,
Colliery Proprietors

, &c.
Timber Merchants

,
Builders, Contractors, Architects, Surveyors, Auctioneers,

Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants, and
General Wholesale Tradesmen.

*** Opinions of the Press.
“ The book contains the answers to questions, and not simply a set of ingenious puzzle methods of

arriving at results. It is as easy of reference for any answer or any number of answers as a dictionary,
and the references are even more quickly made. For making up accounts or estimates the book must
prove invaluable to all who have any considerable quantity of calculations involving price and measure
in any combination to do.”

—

Engineer.
“ The most complete and practical ready reckoner which it has been our fortune yet to see. It is

difficult to imagine a trade or occupation in which it could not be of the greatest use, either in saving
human labour or in checking work. The publishers have placed within the reach of every commercial
man an invaluable and unfailing assistant.”

—

The Miller.

“ The most perfect work of the kind yet prepared.”

—

Glasgow Herald.

Comprehensive Weight Calculator.
THE WEIGHT CALCULATOR

j

Being a Series of Tables upon a
New and Comprehensive Plan, exhibiting at one Reference the exact Value of any
Weight from I lb. to 15 tons, at 300 Progressive Rates, from id. to i68j. per cwt.,

and containing 186,000 Direct Answers, which, with their Combinations, consisting

of a single addition (mostly to be performed at sight), will afford an aggregate of

10.266.000 Answers
;
the whole being calculated and designed to ensure correct-

ness and promote despatch. By Henry Harben, Accountant. Fourth Edition,

carefully corrected. Royal 8vo, strongly half-bound, ^1 5-f.

“ A practical and useful work of reference for men of business generally ; it is the best of the kind we
have seen.”

—

Ironmonger.
“ Of priceless value to business men. It is a necessary book in all mercantile offices.”

—

Sheffield
Independent.

Comprehensive Discount Guide.
THE DISCOUNT GUIDE. Comprising several Series of Tables for

the use of Merchants, Manufacturers, Ironmongers, and others, by which may be
ascertained the exact Profit arising from any mode of using Discounts, either in the

Purchase or Sale of Goods, and the method of either Altering a Rate of Discount,

or Advancing a Price, so as to produce, by one operation, a sum that will realise any
required profit after allowing one or more Discounts : to which are added Tables of

Profit or Advance from i£ to 90 per cent., Tables of Discount from i£ to 98^ per

cent., and Tables of Commission, &c., from £ to 10 per cent. By Henry Harben,
Accountant, Author of “ The Weight Calculator.” New Edition, carefully Revised

and Corrected. Demy 8vo, 544 pp., half-bound, ^1 5j.

“ A book such as this can only be appreciated by business men, to whom the saving of time means
saving of money. We have the high authority of Professor J. R. Young that the tables throughout the

work are constructed upon strictly accurate principles. The work is a model of typographical clearness,

and must prove of great value to merchants, manufacturers, and general traders.”—British Trade
Journal.

iron Shipbuilders' and Merchants’ Weight Tables.

IRON-PLATE WEIGHT TABLES: For Iron Shipbuilders, Engi-
neers, and Iron Merchants. Containing the Calculated Weights of upwards of

150.000 different sizes of Iron Plates from 1 foot by 6 in. by £ in. to 10 feet by 5
feet by 1 in. Worked out on the basis of 40 lbs. to the square foot of Iron of 1

inch in thickness. Carefully compiled, and thoroughly Revised by H. BurlinsON
and W. H. Simpson. Oblong 4to, 25J. half-bound.

“ This work will be found of great utility. The authors have had much practical experience of
what is wanting in making estimates, and the use of the book will save much time in making elaborate

calculations.”

—

English Mechanic.
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INDUSTRIAL AND USEFUL ARTS.

Soap-making.
THE ART OF SOAP-MAKING : A Practical Handbook of the

Manufacture of Hard and Soft Soaps
,
Toilet Soaps

,
&c. Including many New

Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. By
Alexander Watt, Author of “ Electro-Metallurgy Practically Treated,” &c.
With numerous Illustrations. Fourth Edition, Revised and Enlarged. Crown 8vo

7s. 6d. cloth. [fust published.
“ The work will prove very useful, not merely to the technological student, but to the practical soap-

boiler who wishes to understand the theory of his art.”

—

Chemical News.
“ Really an excellent example of a technical manual, entering as it does, thoroughly and exhaustively,

both into the theory and practice of soap manufacture. The book is well and honestly done, and de-
serves the considerable circulation with which it will doubtless meet.”

—

Knowledge.
“ Mr. Watt’s book is a thoroughly practical treatise on an art which has almost no literature in our

language. We congratulate the author on the success of his endeavour to fill a void in English technical
literature.”

—

Nature.

Paper Making.
THE ART OF PAPER MAKING : A Practical Handbook oj the
Manufacture of Paper from Rags, Esparto

,
Straw and other Fibrous Materials

,

Including the Manufacture of Pulp from Wood Fibre, with a Description of the
Machinery and Appliances used. To which are added Details of Processes for

Recovering Soda from Waste Liquors. By Alexander Watt, Author of “The
Art of Soap-Making,” “ The Art of Leather Manufacture,” &c. With Illustra-

tions. Crown 8vo, Js. 6d. cloth. [fust published.
” This book is succinct, lucid, thoroughly practical, and includes everything of interest to the

modern paper-maker. The book, besides being all the student of paper-making will require in his
apprenticeship, will be found of interest to the paper-maker himself. It is the latest, most practical
and most complete work on the paper-making art before the British public.”

—

Paper Record.
“

It may be regarded as the standard work on the subject. The book is full of valuable informa-
tion. The ‘ Art of Paper-making,’ is in every respect a model of a text-book, either for a technical
class, or for the private student.”

—

Paper and Printing Trades Journal.
“ Admirably adapted for general as well as ordinary technical reference, and as a handbook for

students in technical education may be warmly commended.”

—

The Paper Maker's Monthly Journal.

Leather Manufacture.
THE ART OF LEATHER MANUFACTURE: Being a Practical
Handbook, in which the Operations of Tanning, Currying, and Leather Dressing
are fully Described, and the Principles of Tanning Explained, and many Recent
Processes Introduced ; as also Methods for the Estimation of Tannin, and a
Description of the Arts of Glue Boiling, Gut Dressing, &c. By Alexander
Watt, Author of “Soap-Making,” “Electro-Metallurgy,” &c. With numerous
Illustrations. Second Edition. Crown 8vo, gs. cloth.
“A sound, comprehensive treatise on tanning and its accessories. The book is an eminently valuable

production, which redounds to the credit of both author and publishers.”

—

Chemical Review.
“This volume is technical without being tedious, comprehensive and complete without being prosy,

and it bears on every page the impress of a master hand. We have never come across a better trade
treatise, nor one that so thoroughly supplied an absolute want.”

—

Shoe and Leather Trades' Chronicle.

Boot and Shoe Making.
THE ART OF BOOT AND SHOE-MAKING : A Practical Hand-
book, including Measurement, Last-Fitting, Cutting-Out, Closing and Making,
with a Description of the most approved Machinery Employed. By John B.
Leno, late Editor of St. Crispin

,
and The Boot and Shoe-Maker. With numerous

Illustrations. Third Edition. i2mo, 2s. cloth limp.
“ This excellent treatise is by far the best work ever written on the subject. A new work embracing

all modem improvements was much wanted. This want is now satisfied. The chapter on clicking,
which shows how waste may be prevented, will save fifty times the price of the book.”

—

Scottish Leather

Dentistry. Trader.

MECHANICAL DENTISTRY : A Practical Treatise on the Construc-
tion ofthe various kinds of Artificial Dentures. Comprising also Useful Formulae,
Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. By Charles
Hunter. Third Edition, Revised. With upwards of 100 Wood Engravings.
Crown 8vo, 3^. 6d. cloth.

“ The work is very practical.”

—

Monthly Review ofDental Surgery.
“ We can strongly recommend Mr. Hunter’s treatise to all students preparing for the profession

of dentistry, as well as to every mechanical dentist.”

—

Dublin Journal ofMedicalScience.

Wood Engraving.
WOOD ENGRA VING : A Practical and Easy Introduction to the
Study of the Art. By William Norman Brown. Second Edition. With
numerous Illustrations. i2mo, is. 6d. cloth limp.
“The book is clear and complete, and will be useful to anyone wanting to understand the first

elements of the beautiful art of wood engraving.”

—

Graphic.
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HANDYBOOKS FOR HANDICRAFTS. By PAUL N. HASLUCK.
Metal Turning.

THEMETAL TURNER’S HANDYEOOK. A Practical Manualfor
Workers at the Foot-Lathe : Embracing information on the Tools, Appliances and
Processes employed in Metal Turning. By Paul N. Hasluck, Author of “ Lathe-
Work.’-’ With upwards of One Hundred Illustrations. Second Edition, Revised.
Crown 8vo, 2s. cloth.

“ Clearly and concisely written, excellent in every way.”—Mechanical World.

Wood Turning.

THE WOOD TURNER'S HANDYBOOK. A Practical Manual for
Workers at the Lathe : Embracing Information on the Tools, Appliances and
Processes Employed in Wood Turning. By Paul N. Hasluck. With upwards
of One Hundred Illustrations. Crown 8vo, 2s. cloth.

“ We recommend the book to young turners and amateurs. A multitude of workmen have hitherto
sought in vain for a manual of this special industry.”

—

Mechanical World.

WOOD AND METAL TURNING. By P. N. Hasluck (being the
Two preceding Vols. bound together). 300 pp., with upwards of 200 Illustrations,

crown 8vo, 3^. 6d. cloth.

Watch Repairing.

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual
on Cleanings Repairing and Adjusting. Embracing Information on the Took,
Materials, Appliances and Processes Employed in Watchwork. By Paul .N.

Hasluck. With upwards of One Hundred Illustrations. Crown 8vo, 2s. cloth.
‘‘All young persons connected with the trade should acquire and study this excellent, and at the

same time, inexpensive work.”—Clerkenwell Chronicle.

Clock Repairing.

THE CLOCK JOBBER’S HANDYBOOK : A Practical Manual on
Cleaning

,
Repairing and Adjusting. Embracing Information on the Tools,

Materials, Appliances and Processes Employed in Clockwork. By Paul N.
Hasluck. With upwards of 100 Illustrations. Cr. 8vo, 2s. cloth.

“ Of inestimable service to those commencing the trade.”— Coventry Standard.

WATCH AND CLOCK JOBBING ,
By P. N. Hasluck (being the

Two preceding Vols. bound together). 320 pp., with upwards of 200 Illustrations,

crown 8vo. 3s. Od. cloth.

Pattern Making.
THE PATTERN MAKER’S HANDYBOOK. A Practical Manual,
embracing Information on the Tools, Materials and Appliances employed in Con-
structing Patterns for Founders. By Paul N. Hasluck. With One Hundred
Illustrations. Crown 8vo, 2s. cloth.

“This handy volume contains sound information of considerable value to students and artificers.”

—

Hardware Trade Journal.

Mechanical Manipulation.
THE MECHANIC’S WORKSHOP HANDYBOOK. A Practical
Manualon Mechanical Manipulation. Embracing Information on various Handicraft

Processes, with Useful Notes and Miscellaneous Memoranda. By Paul N.
Hasluck. Crown 8vo, 2s. cloth.

“ It is a book which should be found in every workshop, as it is one which will be continually
referred to for a very great amount of standard information.”—Saturday Review.

Model Engineering.

THE MODEL ENGINEER’S HANDYBOOK: A Practical Manual
on Model Steam Engines. Embracing Information on the Tools, Materials and
Processes Employed in their Construction. By Paul N. Hasluck. With upwards
of 100 Illustrations. Crown 8vo, 2s. cloth.

“ By carefully going through the work, amateurs may pick up an excellent notion of the con-
strued n of full-sized steam engines.”—Telegraphic Journal.

Cabinet Making.
THE CABINET WORKER’S HANDYBOOK

:

A Practical Manual
embracing Information on the Tools, Materials, Appliances and Processes em-
ployed in Cabinet Work. By Paul N. Hasluck, Author of “ Lathe Work,”
&c. With upwards of 100 Illustrations. Crown 8vo, 2s. cloth. [Just published.

“Thoroughly practical through; ut. The amateur worker in wood w;l find if most useful.”-
Glasgow Herald .
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Electrolysis of Gold, Si/uer, Copper, &c.

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis of

Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descriptions of

Voltaic Batteries, Magneto and Dynamo-Electric Machines, Thermopiles, and of

the Materials and Processes used in every Department of the Art, and several

Chapters on Electro-Metallurgy. By Alexander Watt, Author of

“ Electro-Metallurgy,” &c. With numerous Illustrations. Third Edition, Revised

and Corrected. Crown 8vo, <js., cloth.
“ Eminently a book for the practical worker in electro-deposition. It contains practical descriptions

of methods, processes and materials, as actually pursued and used in the workshop.’’

—

Engineer.

Electro-Metallurgy.

ELECTRO-METALLURGY ; Practically Treated. By Alexander
Watt, Author of “Electro-Deposition,” &c. Ninth Edition, Enlarged and
Revised, with Additional Illustrations, and including the most recent Processes.

i2mo, 4-f. cloth boards.
“ From this book both amateur and artisan may learn everything necessary for the successful pro-

secution of electroplating.”

—

Iron.

Electroplating.

ELECTROPLATING

:

A Practical Handbook on the Deposition of
Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. ; with
Descriptions of the Chemicals, Materials, Batteries and Dynamo Machines used in

the Art. ByJ. W. Urquhart, C.E., Author of “ Electric Light,” &c. Second
Edition, Revised, with Additions. Numerous Illustrations. Crown 8 vo, 5j. cloth.

“ An excellent practical manual.”

—

Engineering.
“An excellent work, giving the newest information.”

—

Horological Journal.

Electrotyping.

ELECTROTYPING : The Reproduction and Multiplication of Printing
Surfaces and Works ofArt by the Electro-deposition ofMetals. By J. W. Urquiiart,
C.E. Crown 8vo, 5-r. cloth.

“ The book is thoroughly practical ; the reader is, therefore, conducted through the leading laws of
electricity, then through the metals used by electrotypers, the apparatus, and the depositing processes, up
to the final preparation of the work.”— Art Journal.

Goldsmiths’ Work.

THE GOLDSMITH'S HANDBOOK. By George E. Gee, Jeweller,
&c. Third Edition, considerably enlarged. i2mo, 3s. 6d. cloth boards.
“ A good, sound educator, and will be generally accepted as an authority.”

—

Horological Journal.

Silversmiths’ Work.
THE SILVERSMITH'S HANDBOOK. By George E. Gee, Jeweller,
&c. Second Edition, Revised, with numerous Illusts. i2mo, 3^. 6d. cloth boards.
“ The chief merit of the work is its practical character. . . The workers in the trade will speedily

discover its merits when they sit down to study it.”

—

English Mechanic.
%* The. above two works together

,
strongly half-bound, price Js.

Bread and Biscuit Baking.
THE BREAD AND BISCUIT BAKER'S AND SUGAR-BOILER'S
ASSISTANT. Including a large variety of Modern Recipes. With Remarks on
the Art of Bread-making. By Robert Wells, Practical Baker. Second Edition,

with Additional Recipes. Crown 8vo, 2s. cloth. [fust published.
“ A large number of wrinkles for the ordinary cook, as well as the baker.”

—

Saturday Review.

Confectionery.
THE PASTRYCOOK AND CONFECTIONER'S GUIDE. For
Hotels, Restaurants, and the Trade in general, adapted also for Family Use.
By Robert Wells, Author of “ The Bread and Biscuit Baker’s and Sugar Boiler’s

Assistant.” Crown 8vo, 2s. cloth. [fust published.
“ We cannot speak too highly of this really excellent work. In these days of keen competition

our readers cannot do better than purchase this book."

—

Baker's Times.

Ornamental Confectionery.
ORNAMENTAL CONFECTIONERY : A Guide for Bakers, Con-
fectioners and Pastrycooks

;
including a Variety of Modern Recipes, and Remarks

on Decorative and Coloured Work. With 129 Original Designs. By Robert
Wells, Practical Baker, Author of “The Bread and Biscuit Baker’s and
Sugar- Boiler’s Assistant,” &c. Crown 8vo, cloth gilt, 5-r.

[
Just published.

“ A valuable work, practical, and should be in the hands of every baker and confectioner. The
illustrative designs are alone worth treble the amount charged for the whole work.”—Baker's Times.

C
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Laundry Work.
LAUNDRY MANAGEMENT. A Handbook for Use in Private and
Public Laundries. Including Descriptive Accounts of Modern Machinery and
Appliances for Laundry Work. By the Editor of “ The Laundry Journal.” With
numerous Illustrations. Crown 8vo, 2s. 6d. cloth.
“This book should certainly occupy an honoured place on the shelves of all housekeepers who

wish to keep themselves au courant of the newest appliances and methods.”

—

The Queen.

Horology.
A TREATISE ON MODERN HOROLOGY, in Theory and Practice.
Translated from the French of Claudius Saunier, ex-Director of the School of

Horology at Macon, by Julien Tripplin, F. R.A.S., Besancon Watch Manu-
facturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With Seventy-

Eight Woodcuts and Twenty-Two Coloured Copper Plates. Second Edition.

Super-royal 8vo, £2 2s. cloth, £2 ioj-. half-calf.
“ There is no horological work in the English language at all to be compared to this production of

M. Saunier’s for clearness and completeness. It is alike good as a guide for the student and as a
reference for the experienced horologist and skilled workman.”

—

Horological Journal.
“The latest, the most complete, and the most reliable of those literary productions to which con-

tinental watchmakers are indebted for the mechanical superiority over their English brethren—in fact,

the Book of Books, is M. Saunier’s ‘Treatise.’ ”

—

Watchmaker
, Jeweller, and Silversmith.

Watchmaking.
THE WATCHMAKER'S HANDBOOK. Intended as a Workshop
Companion for those engaged in Watchmaking and the Allied Mechanical Arts.

Translated from the French of Claudius Saunier, and considerably enlarged by
Julien Tripplin, F.R.A.S.', Vice-President of the Horological Institute, and
Edward Rigg, M.A., Assayer in the Royal Mint. With Numerous Woodcuts
and Fourteen Copper Plates. Second Edition, Revised. With Appendix. Crown
8vo, gs. cloth.
“Each part is truly a treatise in itself. The arrangement is good and the language is clear and

concise. It is an admirable guide for the young watchmaker.”

—

Engineering.
“ It is impossible to speak too highly of its excellence. It fulfils every requirement in a handbook

intended for the use of a workman. Should be found in every workshop.”

—

Watch and Clockmaker.
“ This book contains an immense number of practical details bearing on the daily occupation of a

watchmaker.”

—

Watchmaker and Metalworker (Chicago).

CHEMICAL MANUFACTURES AND COMMERCE.
The Alkali Trade, Manufacture of Sulphuric Acid, &c.

A MANUAL OE THE ALKALI TRADE
,
including the Manufacture

of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By John Lomas,
Alkali Manufacturer, Newcastle-upon-Tyne and London. With 232 Illustrations

and Working Drawings, and containing 390 pages of Text. Second Edition,

with Additions. Super-royal 8vo, ^1 ioj. cloth.
“This book is written by a manufacturer for manufacturers. The working details of the most ap-

proved forms of apparatus are given, and these are accompanied by no less than 232 wood engravings, all

of which may be used for the purposes of construction. Every step in the manufacture is very fully

described in this manual, and e'ach improvement explained.”

—

Athencenm.
“ We find not merely a sound and luminous explanation of the chemical principles of the trade, but a

notice of numerous matters which have a most important bearing on the successful conduct of alkali works
but which are generally overlooked by even experienced technological authors."

—

Chemical Review.

The Blowpipe.
THE BLOWPIPE IN CHEMISTRY

,
MINERALOGY

,
AND

GEOLOGY. Containing all known Methods of Anhydrous Analysis, many Work-
ing Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A.
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Revised and En-
larged. Crown 8vo, 5 j\ cloth.

“ The student who goes conscientiously through the course of experimentation here laid down will

gain a better insight into inorganic chemistry and mineralogy than if he had ‘got up ’ any of the best

text-books of the day, and passed any number of examinations in their contents.”

—

Chemical Nexus.

Commercial Chemical Analysis.
THE COMMERCIAL HANDBOOK OE CHEMICAL ANALYSIS,
or, Practical Instructions for the determination of the Intrinsic or Commercial Value
of Substances used in Manufactures, in Trades, and in the Arts. By A. Normandy,
Editor of Rose’s “Treatise on Chemical Analysis.” New Edition, to a great

extent re-written by Henry M. Noad, Ph.D., F.R.S. With numerous Illus-

trations. Crown 8vo, 12s. 6d. cloth.
“We strongly recommend this book to our readers as a guide, alike indispensable to the housewife

as to the pharmaceutical practitioner."

—

Medical Times.
“ Essential to the analysts appointed under the new Act. The most recent results are given, and the

work is well edited and carefully written.”

—

Nature.
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Brewing.

A HANDBOOKFOR YOUNG BREWERS. By Herbert Edwards
Wright, B.A. An entirely New Edition, much Enlarged. [/// the press'.

Analysis and Valuation of Fuels.

FUELS: SOLID
,
LIQUID AND GASEOUS, Their Analysis and

Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, F.C.S.,

Analytical and Consulting Chemist to the Great Eastern Railway. Crown 8vo,

3s. 6d. cloth. [Just published.
“ Ought to have its place in the laboratory of every metallurgical establishment, and wherever

fuel is used on a large scale.”

—

Chemical News.
“ Mr. Phillips’ new book cannot fail to be of wide interest, especially at the present time.”—

Railway News.

Dye-Wares and Colours.

THE MANUAL OF COLOURS AND DYE-WARES ; Their Pro-
perties, Applications,

Valuation, Impurities
,
and Sophistications. For the use of

Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. Second Edition,

Revised and greatly Enlarged, crown 8vo, 7s. 6d. cloth.

“A complete encyclopaedia of the materia tinctoria. The information given respecting each article
is full and precise, and the methods of determining the value of articles such as these, so liable to sophis-

• tication, are given with clearness, and are practical as well as valuable.”

—

Chemist and Druggist.
“There is no other work which covers precisely the same ground. To students preparing for

examinations in dyeing and printing it will prove exceedingly useful.”

—

Chemical News.

Pigments.

THE ARTISTS' MANUAL OF PIGMENTS. Showing their Com-
position, Conditions of Permanency, Non-Permanency, and Adulterations

;
Effects

in Combination with Each Other and with Vehicles
; and the most Reliable Tests

of Purity. Together with the Science and Arts Department’s Examination Ques-
tions on Painting. By H. C. Standage. Second Edition, crown 8vo, 2s. 6d. cloth.

“ This work is indeed multum-in-parvo, and we can, with good conscience, recommend it to all who
come in contact with pigments, whether as makers, dealers, or users.”

—

Chemical Review.

Gauging. Tables and Rules for Revenue Officers, Brewers, &c.

A POCKET BOOK OF MENSURATION AND GAUGING: Containing
Tables, Rules and Memoranda for Revenue Officers, Brewers, Spirit Merchants, See.

By J. B. Mant (Inland Revenue). Second Edition, Revised. Oblong i8mo, <\s.

leather, with elastic band. Just published.
“ This handy and useful book is adapted to the requirements of the Inland Revenue Department,

and will be a favourite book of reference. The range of subjects is comprehensive, and the arrangement
simple and clear.”

—

Civilian. “ Should be in the hands of every practical brewer.”

—

Brewers' Journal.

AGRICULTURE, FARMING, GARDENING, etc.

Youatt and Burn’s Complete Grazier.

THE COMPLETE GRAZIER
,
AND FARMER'S AND CATTLE-

BREEDER 'S ASSISTANT. A Compendium of Husbandry
;
especially in the

departments connected with the Breeding, Rearing, Feeding, and General Manage-
ment of Stock

;
the Management of the Dairy, &c. With Directions for the Culture

and Management of Grass Land, of Grain and Root Crops, the Arrangement of

Farm Offices, the use of Implements and Machines, and on Draining, Irrigation,

Warping, &c.
;
and the Application and Relative Value of Manures. By William

Youatt, Esq., V.S., and Robert Scott Burn. A New Edition, partly Re-

Writtten and greatly Enlarged by W. Fream, B.Sc. Lond,, LL. D. One large 8vo

Volume, nearly 1,000 pages. [In preparation.

Agricultural Facts and Figures.

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES
FOR FARMERS AND FARM STUDENTS, By Primrose McConnell,
Fellow of the Plighland and Agricultural Society ;

late Professor of Agriculture,

Glasgow Veterinary College, Third Edition. Royal 32mQ, full roan, gilt edges,

with elastic band, 4J,

" The most complete and comprehensive Note-book for Farmers and Farm Students that we have
seen. It literally teems with information and we can cordially recommend it to all connected with

agriculture.”

—

North British Agriculturist.
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Flour Manufacture, Milling, etc.

FLOUR MANUFACTURE : A Treatise on Milling Science and Prac-
tice. By Friedrich Kick, Imperial Regierungsrath, Professor of Mechanical
Technology in the Imperial German Polytechnic Institute, Prague. Translated
from the Second Enlarged and Revised Edition with Supplement. By H. II. P.
Povvi.es, Assoc. Memb. Institution of Civil Engineers. Nearly 400 pp. Illustrated

with 28 Folding Plates, and 167 Woodcuts. Roy. 8vo, 25s. cloth.
“ This valuable work is, and will remain, the standard authority on the science of milling. . . :

The miller who has read and digested this work will have laid the foundation, so to speak, of a successful
career ; he will have acquired a number of general principles which he can proceed to apply. In this

handsome volume we at last have the accepted text-book of modern milling in good, sound English,
wl>i< h has little, if any, trace of the German idiom.”

—

The Miller.
“ The appearance of this celebrated work in English is very opportune, and British millers will, we

are sure, not be slow in availing themselves of its pages.”

—

Millers' Gazette.

Small Farming.
SYSTEMATIC SMALL FARMING

j

or, The Lessons of my Farm.
Being an Introduction to Modern Farm Practice for Small Farmers in the Culture
of Crops; The Feeding of Cattle; The Management of the Dairy, Poultry and
Pigs

;
The Keeping of Farm Work Records

;
The Ensilage System, Construction

of Silos, and other Farm Buildings
;
The Improvement of Neglected Farms, &c.

By Robert Scott Burn, Author of “ Outlines of Landed Estates’ Management,”
and “Outlines of Farm Management,” and Editor of “The Complete Grazier,”

With numerous Illustrations, crown 8vo, 6s. cloth.

“This is the completes! book of its class we have seen, and one which every amateur farmer will

read with pleasure, and accept as a guide.”

—

Field.
“ The volume contains a vast amount of useful information. No branch of farming is left untouched,

from the labour to be done to the results achieved. It may be safely recommended to all who think they
will be in paradise when they buy or rent a three-acre farm.”

—

Glasgow Herald.

Modern Farming.
OUTLINES OFMODERN FARMING. By R. Scott Burn. Soils,

Manures, and Crops—Farming and Farming Economy—Cattle, Sheep, and Horses

—

Management of Dairy, Pigs, and Poultry—Utilization of Town-Sewage, Irrigation,

etc. Sixth Edition. In one vol., 1,250 pp., half-bound, profusely Illustrated, 12s.
“ The aim of the author has been to make his work at once comprehensive and trustworthy, and in

this aim he has succeeded to a degree which entitles him to much credit.”

—

Morning Advertiser.
“No farmer should be without this book.”

—

Banbury Guardian.

Agricultural Engineering.
FARM ENGINEERING

,
The Complete Text-Book of. Comprising

Draining and Embanking
;

Irrigation and Water Supply
;
Farm Roads, Fences

and Gates
;
Farm Buildings, their Arrangement and Construction, with Plans and

Estimates
;
Barn Implements and Machines

; Field Implements and Machines

;

Agricultural Surveying, Levelling, &c. By Professor John Scott, Editor of the
“ Farmers’ Gazette,” late Professor of Agriculture and Rural Economy at the Royal
Agricultural College, Cirencester, &c. &c. In one vol., 1,150 pages, half-bound,

with over 600 Illustrations, 1

2

s.

“Written with great care, as well as with knowledge and ability. The author has done his work
well ; we have found him a very trustworthy guide wherever we have tested his statements. The volume
will be of great value to agricultural students.”- -Mark Lane Express.

“ For a young agriculturist we know of no handy volume likely to be more usefully studied.”

—

Beil's Weekly Messenger.

English Agriculture.
THE FIELDS OF GREAT BRITAIN: A Text-Book of Agriculture.
Adapted to the Syllabus of the Science and Art Department. For Elementary and

Advanced Students. By Hugh Clements (Board of Trade). Second Edition,

Revised, with Additions. i8mo, 2s. 6d. cloth. [Just published.
“ A most comprehensive volume, giving a mass of information.”

—

Agricultural Economist.
“ It is a long time since we have seen a book which has pleased us more, or which contains such a

vast and useful fund of knowledge ”—Educational Times.

Tables for Farmers, &c.
TABLES, MEMORANDA , AND CALCULATED RESULTS for
Farmers

,
Graziers,

Agricultural Students
,
Surveyors

,
LandAgents, Auctioneers, etc.

With a New System of Farm Book-keeping. Selected and Arranged by Sidney
Francis. Second Edition, Revised. 272 pp. ,

waistcoat-pocket size, limp

leather, u. 6d. Just published.

“Weighing less than r oz., and occupying no more space than a match box, it contains a mass of

f icts and calculations which has never before, in such handy form, been obtainable. Every opera-

tion on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of the

t ibles having been revised by Dr. Fream. We cordially recommend it.”

—

Bell's Weekly Messenger.

“A marvellous little book. . . . The agriculturist who possesses himself of it will not be

disappointed with his investment.”

—

The Farm.
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Farm and Estate Book-keeping.

BOOK-KEEPING FOR FARMERS AND ESTATE OWNERS.
A Practical Treatise, presenting, in Three Plans, a System adapted for all Classes

of Farms. By Johnson M. Woodman, Chartered Accountant. Second Edition,

Revised. Cr. 8vo, 3^. 6d. cloth boards ; or, 2s. 6d. cloth limp. [Just published,
“ The volume is a capital study of a most important subject.”

—

Agricultural Gazette.
“Will be found of great assistance by those who intend to commence a system of book-keeping, the

author’s examples being clear and explicit, and his explanations, while full and accurate, being to a
large extent free from technicalities.”

—

Live Stock Journal.
“ The young farmer, land agent, and surveyor will find Mr. Woodman’s treatise more than repay

its cost and study.”

—

Building News.

Farm Account Booh.
WOODMAN’S YEARLY FARM ACCOUNT BOOK. Giving a
Weekly Labour Account and Diary, and showing the Income and Expenditure
under each Department of Crops, Live Stock, Dairy, &c. &c. With Valuation,

Profit and Loss Account, and Balance Sheet at the end of the Year, and an Ap.-

pendix of Forms. Ruled and Headed for Entering a Complete Record of the Farm*
ing Operations. By Johnson M. Woodman, Chartered Accountant, Author
of “ Book-keeping for Farmers.” Folio, 7s. 6d. halfibound.
“ Contains every requisite form for keeping farm accounts readily and accurately.”

—

Agriculture.

Early Fruits, Flowers and Vegetables.

THE FORCING-GARDEN ; or, How to Grow Early Fruits, Flowers, and
Vegetables. With Plans and Estimates for Building Glasshouses, Pits and Frames.
Containing also Original Plans for Double Glazing, a New Method of Growing the

Gooseberry under Glass, &c. &c., and on Ventilation, Protecting Vine Borders, &c.
With Illustrations. By Samuel Wood. Crown 8vo, 3^. 6d. cloth.

* * A good book, and fairly fills a place that was in some degree vacant. The book is written with
great care, and contains a great deal of valuable teaching,”

—

Gardeners' Magazine.
“Mr. Wood’s book is an original and exhaustive answer to the question, * How to Grow Early

Fruits, Flowers and Vegetables?’ ”

—

Land and Water.

Good Gardening.
A PLAIN GUIDE TO GOOD GARDENING

j

or, How to Grow
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, Seeds,
Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. Fourth Edition,

with considerable Additions, &c. ,
and numerous Illustrations. Cr. 8vo, 3s. 6d. cloth.

“A very good book, and one to be highly recommended as a practical guide. The practical direc-
ons are excellent.”

—

Athenceum.
“ May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain, simple,

and trustworthy information it gives on common matters too often neglected.”

—

Gardeners' Chronicle.

Gainful Gardening,
MULTUM-IN-PARVO GARDENING

j

or, How to make One Acre of
Land produce ^620 a-year, by the Cultivation of Fruits and Vegetables ; also, How
to Grow Flowers in Three Glass Houses, so as to realise ,£176 per annum clear Pro-
fit. By Samuel Wood, Author of “ Good Gardening,” &c. Fifth and Cheaper
Edition, revised, with Additions. Crown 8vo, is. sewed.

“ We are bound to recommend it as not only suited to the case of the amateur and gentleman’s gar-
dener, but to the market grower.”

—

Gardeners' Magazine.

Gardening for Ladies.
THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN, and
Amateurs’ Complete Guide. With Illusts. By S. Wood. Cr. 8vo, 3s. 6d. cloth.

“This volume contains a good deal of sound, common-sense instruction.”

—

Florist.
“ Full of shrewd hints and useful instructions, based on a lifetime of experience.”

—

Scotsman.

Receipts for Gardeners.
GARDEN RECEIPTS. Edited by Charles W. Quin. i 2mo, is. 6d,
cloth limp.
“ A useful and handy book, containing a good deal of valuable information.”

—

Athencewn.

Market Gardening.
MARKET AND KITCHEN GARDENING. By Contributors to
“The Garden.” Compiled by C. W. Shaw, late Editor of “ Gardening Illus-

trated.” i2mo, 3x. 6d. cloth boards. [Just published.
“ The most valuable compendium of kitchen and market-garden work published.”

—

Farmer.

Cottage Gardening.
COTTAGE GARDENINGj or, Flowers, Fruits, and Vegetables for
Small Gardens. By E. Hobday. i2mo, is. 6d. cloth limp.
“ Contains much useful information at a small charge.”

—

Glasgow Herald.



38 CROSBY LOCKWOOD & SON’S CATALOGUE.

LAND AND ESTATE MANAGEMENT, LAW, etc.

Hudson's Land Valuer's Pocket-Book.

THE LAND VALUER'S BEST ASSISTANT

:

Being Tables on a
very much improved Plan, for Calculating the Value of Estates. With Tables for

reducing Scotch, Irish, and Provincial Customary Acres to Statute Measure, & c.

By R. Hudson, C.E. New Edition. Royal 321110, leather, elastic band, 4s.

“This new edition includes tables for ascertaining the value of leases for any term of years; and
for showing how to lay out plots of ground of certain acres in forms, square, round, &c., with valuable
rules for ascertaining the probable worth of standing timber to any amount ; and is of incalculable value
to the country gentleman and professional man."—Farmers' Journal.

Ewart's Land Improver's Pocket-Book.

THE LAND IMPROVER'S POCKET-BOOK OF FORMULAS,
TABLES, and MEMORANDA required in any Computation relating to the Per-
manent l7nprovement ofLanded Property. By John Ewart, Land Surveyor and
Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong, leather,

gilt edges, with elastic band, 4^.

“A compendious and handy little volume.”

—

Spectator.

Complete Agricultural Surveyor's Pocket-Book.

THE LAND VALUER'S AND LAND IMPROVER'S COMPLETE
POCIIET-BOOK. Consisting of the above Two Works bound together. Leather,
gilt edges, with strap, 7s. 6d.

“ Hudson’s book is the best ready-reckoner on matters relating to the valuation of land and crops,
and its combination with Mr. Ewart’s work greatly enhances the value and usefulness of the latter-

mentioned It is most useful as a manual for reference."—North ofEngland Farmer.

Auctioneer's Assistant.

THE APPRAISER
,
AUCTIONEER, BROKER, HOUSE AND

ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the

Valuation for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and
of property generally ; with Prices for Inventories, &c. By John Wheeler,
Valuer, &c. Fifth Edition, Re-written and greatly Extended by C. Norris, Sur-

veyor, Valuer, &c. Royal 32mo, 5^. cloth.

“A neat and concise book of reference, containing an admirable and clearly-arranged list of prices
for inventories, and a very practical guide to determine the value of furniture, &c.”

—

Standard.
“ Contains a large quantity of varied and useful information as to the valuation for purchase, sale, or

renewal of leases, annuities and reversions, and of property generally, with prices for inventories, and a
guide to determine the value of interior fittings and other effects.”

—

Builder.

Auctioneering.

AUCTIONEERS : Their Duties ana Liabilities. A Manual of Instruc-
tion and Counsel for the Young Auctioneer. By Robert Squibbs, Auctioneer.

Second Edition, Revised and partly Re-written. Demy 8vo, 12 s. Od. cloth.

[Just published.
“The position and duties of auctioneers treated compendiously and clearly.”

—

Builder.
“ Every auctioneer ought to possess a copy of this excellent work.”

—

Ironmonger.
“ Of great value to the profession. . . . We readily welcome this book from the fact that it treats

the subject in a manner somewhat new to the profession.”

—

Estates Gazette.

Legal Guide for Pawnbrokers.

THE PAWNBROKERS', FACTORS' AND MERCHANTS'
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the

Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, ns to

Loans and Pledges of Goods, Debentures, Mercantile and other Securities. By
H. C. Folkard, Esq., Barrister-at-Law, Author of “The Law of Slander and
Libel," &c, With Additions and Corrections, Fcap. 8vo, 3-r. 6d, cloth,

“This work contains simply everything that requires to be known concerning the department of

the law of which it treats. We can safely commend the book as unique and very nearly perfect.”—Iron,

"The task undertaken by Mr. Folkard has been very satisfactorily performed. . . , Such
explanations as are needful have been supplied with great clearness and with due regard to brevity."—
City Press.



LAND AND ESTATE MANAGEMENT,
\
LA IV, Uc. 39

Law of Patents.

PATENTS FOR INVENTIONS, AND HOW TO PROCURE
THEM. Compiled for the Use of Inventors, Patentees and others. By G. G. M.
IIardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth, price 2s. 6d.

[Just published.

Metropolitan Rating Appeals.

REPORTS OF APPEALS HEARD BEFORE THE COURT OF
GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. By
Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down to

the Present Date, with an Introduction to the Valuation (Metropolis) Act, 1869,

and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister-at-Law.

8vo, i6j. cloth.

“A useful work, occupying a place mid-way between a handbook for a lawyer and a guide to the
surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose specialty, it is

acknowledged, lies in the direction of assessing property for rating purposes.”

—

Land Agents' Record.
“ It is an indispensable work of reference for all engaged in assessment business.”

—

Journal of
Gas Lighting.

House Property.

HANDBOOK OF HOUSE PROPERTY : A Popular and Practical
Guide to the Purchase

,
Mortgage

,
Tenancy

,
and Compulsory Sale of Houses and

Land, including the Law of Dilapidations and Fixtures : with Examples of all

kinds of Valuations, Useful Information on Building and Suggestive Elucidations

of Fine Art. By E. L. Tarbuck, Architect and Surveyor. Fourth Edition
Enlarged. l2mo, 5-r. cloth.

“The advice is thoroughly practical.”

—

Law Journal.
“ For all who have dealings with house property, this s an indispensable guide.”

—

Decoration.
“ Carefully brought up to date, and much improved by the addition of a division on Fine Art.

.... A well-written and thoughtful work.”

—

Land Agent's Record.

Inwood’s Estate Tables.
TABLES FOR THE PURCHASING OF ESTATES, Freehold,
Copyhold, or Leasehold ; Annuities

,
Advowsons, &c., and for the Renewing of

Leases held under Cathedral Churches, Colleges, or other Corporate bodies* for

Terms of Years certain, and for Lives ; also for Valuing Reversionary Estates, De*
ferred Annuities, Next Presentations, &c. ; together with Smart’s Five Tables of

Compound Interest, and an Extension of the same to Lower and Intermediate

Rates. By W. Inwood 23rd Edition, with considerable Additions, and new and
valuable Tables of Logarithms for the more Difficult Computations of the Interest

of Money, Discount, Annuities, Sic., by M. Fedor Thoman, of the Societe Credit

Mobilier of Paris. Crown 8vo, 8j. cloth.

“Those interested in the purchase and sale of estates, and in the adjustment of compensation cases,

as well as in transactions in annuities, life insurances, &c., will find the present edition of eminent
service.”

—

Engineering

.

“ ‘ Inwood’s Tables ’ still maintain a most enviable reputation. The new issue has been enriched by
large additional contributions by M. Fedor Thoman, whose carefully-arranged Tables cannot fail to be
of the utmost utility.”

—

Mining Journal.

Agricultural and Tenant-Right Valuation.
THE AGRICULTURAL AND TENANT - RIGHT - VALUER’S
ASSISTANT. A Practical Handbook on Measuring and Estimating the Contents,

Weights and Values of Agricultural Produce and Timber, the Values of Estates

and Agricultural Labour, Forms of Tenant-Right-Valuations, Scales of Compensa-
tion under the Agricultural Holdings Act, 1883, &c. &c. By Tom Bright,
Agricultural Surveyor. Crown 8vo, 3s. 6d. cloth.

“ Full of tables and examples in connection with the valuation of tenant-right, estates, labour, con-

tents and weights of timber, and farm produce of all kinds.”

—

Agricziltural Gazette.
“ An eminently practical handbook, full of practical tables and data of undoubted interest and value

to surveyors and auctioneers in preparing valuations of all kinds.”

—

Fanner.

Plantations and Underwoods.
POLE PLANTATIONS AND UNDERWOODS: A Practical Hand-
book on Estimating the Cost of Forming, Renovating, Improving, and Grubbing
Plantations and Underwoods, their Valuation for Purposes of Transfer, Rental,

Sale or Assessment. By Tom Bright, F.S.Sc., Author of “ The Agricultural and
Tenant-Right-Valuer’s Assistant,” &c. Crown 8vo, 3J. 6d. cloth. [Justpublished

\

“ Will be found very useful to those who are actually engaged in managing wood.”—Bell’s

Weekly Messenger.
“ To valuers, foresters and agents it will be a welcome aid.”—North British Agriculturist.
“ Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest

and use both to surveyors and auctioneers in preparing valuations of all kinds.”

—

Kent Herald.
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A Complete Epitome of the Laws of this Country.

EVERY MAN’S OWN LAWYER: A Handy-Book of the Principles
op Law and Equity. By A Barrister. Twenty-eighth Edition. Revised and
Enlarged. Including the Legislation of 1890, and including careful digests of The
Bankruptcy Act

,

1890 ; the Directors' Liability Act , 1890 ; the Partnership Act
,

1890 ; the Intestates' Estates Act, 1890 ; the Settled Land Act

,

1890 ; the Housing
of the Working Classes Act, 1890 ;

the Infectious Disease (Prevention) Act
, 1890 ;

the Allotments Act

,

1890 ;
the Tenants' Compensation Act, 1890 ;

and the Trustees'

Appointment Act, 1890 ;
while other new Acts have been duly noted. Crown 8vo,

688 pp., price 6s. 8d. (saved at every consultation ! ), strongly bound in cloth.

[fust published.

V THE BOOK WILL BE FOUND TO COMPRISE (AMONGST OTHER
MATTER)—

The Rights and Wrongs of Individuals—Landlord and Tenant-
Vendors and Purchasers—Partners and Agents—Companies and Associa-
tions—Masters, Servants and Workmen—Leases and Mortgages—Church
and Clergy, Ritual—Libel and Slander—Contracts and Agreements

—

Bonds and Bills of Sale—Cheques, Bills and Notes—Railway and Shipping
Law—Bankruptcy and Insurance—Borrowers, Lenders and Sureties

—

Criminal Law—Parliamentary Elections—County Councils—Municipal
Corporations—Parish Law, Churchwardens, etc.—Insanitary Dwellings
and Areas—Public Health and Nuisances—Friendly and Building Societies
—Copyright and Patents—Trade Marks and Designs—Husband and Wife,
Divorce, etc.—Trustees and Executors—Guardian and Ward, Infants, etc.

—Game Laws and Sporting—Horses, Horse-dealing and Dogs—Innkeepers,
Licensing, etc.—Forms of Wills, Agreements, etc. etc.

Note.— The object of this work is to enable those who consult it to help themselves to

the law ; and thereby to dispense, as far as possible, with professional assistance and
advice. There are many wrongs and grievances which persons submit to from time to

time through not knowing how or where to apply for redress ; and many persons have as

great a dread of a lawyer's office as of a lion's den. With this book at hand it is believed

that many a Six-and-Eightpence may be saved ; many a wrong redressed ; many a

right reclaimed ; many a law suit avoided ; and many an evil abated. The work has

established itself as the standard legal adviser of all classes, and has also made a reputa-

tion for itselfas a useful book of reference for lawyers residing at a distance from law
libraries

,
who are glad to have at hand a work embodying recent decisions and enactments

.

*** Opinions of the Press.

“ It is a complete code of English Law written in plain language, which all can understand. . . • .

Should be in the hands of every business man, and all who wish to abolish lawyers’ bills.”— Weekly Times .

“ A useful and concise epitome of the law, compiled with considerable care.”—Law Magazine.
“ A complete digest of the most useful facts which constitute English law.”

—

Globe.

“This excellent handbook. . . . Admirably done, admirably arranged, and admirably cheap.”—
Leeds Mercury.

“ A concise, cheap, and complete epitome of the English law. So plainly written that he who runs
may read, and he who reads may understand.”

—

Figaro.

“A dictionary of legal facts well put together. The book is a very useful one.”—Spectator.

“ A work which has long been wanted, which is thoroughly well done, and which we most cordially

recommend .”—Sunday Times.
“ The latest edition of this popular book ought to be in every business establishment, and on every

library table."—Sheffield Post.

Priuate Bill Legislation and Provisional Orders.

HANDBOOKFOR THE USE OFSOLICITORSANDENGINEERS
Engaged in Promoting Private Acts of Parliament and Provisional Orders, for the

authorization of Railways, Tramways, Works for the Supply of Gas and Water, and
other undertakings of a like character. By L. Livingston Macassey, of the

Middle Temple, Barrister-at-Law, and Member of the Institution of Civil Engineers
;

Author of “ Hints on Water Supply.” Demy 8vo, 950 pp., price 25s. cloth.

" The volume is a desideratum on a subject which can be only acquired by practical experience,
and the order of procedure in Private Bill Legislation and Provisional Orders is followed. The
author’s suggestions and notes will be found of great value to engineers and others professionally
engaged in this class of practice.” —Building News.

“ The author’s double experience as an engineer and barrister has eminently qualified him for

the task, and enabled him to approach the subject alike from an engineering and legal point of view.
The volume will be found a great help both to engineers and lawyers engaged in promoting Private
Acts of Parliament and Provisional Orders.”—Local Government Chronicle.



fa!?, 1891.

Scale's Kutrimerttavg Reties.

^Conboit, 1862,

THE PRIZE MEDAL
Was awarded to the Publishers of

“WEALE’S SERIE S.”

A NEW LIST OF

WEALE’S SERIES
OF

RUDIMENTARY SCIENTIFIC WORKS.

<^* “ WEALE’S SERIES includes Text-Boolcs on almost every branch of Science
and Industry, comprising such subjects as Agriculture, Architecture and Building, Civil

Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical
Science, and many miscellaneous Treatises. The whole are constantly undergoing revi-

sion, and new editions, brought up to the latest discoveries in scientific research, are

constantly issued. The prices at which they are sold are as low as their excellence is

assured/’

—

American Literary Gazette.

“Amongst the literature of technical education, Weale’s Series has ever enjoyed
a high reputation, and the additions being made by Messrs, Crosby Lockwood & Son
render the series even more complete, and bring the information upon the several subjects

down to the present time.”

—

Mining Journal.

“Any persons wishing to acquire knowledge cannot do better than look through
Weale’s Series and get all the books they require. The Series is indeed an inexhaus-
tible mine of literary wealth.”

—

The Metropolitan

.

“Weale’s Series has become a standard as well as an unrivalled collection of
treatises in all branches of art and science.”

—

Public Opinion.

“The excellence of Weale’s Series is now so well appreciated that it would be
wasting our space to enlarge upon their general usefulness and value.”

—

Builder.

“It is not too much to say that no books have ever proved more popular with or
more useful to young engineers and others than the excellent treatises comprised in

Weale’s Series.”—Engineer.

“The volumes of Weale’s Series form one of the best collections of elementary
technical books in any language.”

—

Architect.

“ A collection of technical manuals which is unrivalled.”

—

Weekly Dispatch.

|3 hU<rbeIp!uit, 1876,

THE PRIZE MEDAL
Was awarded to the Publishers for

Books : Rudimentary Scientific,

“WEALE’S SERIES,” &c.

CROSBY LOCKWOOD & SON,
7, STATIONERS’ HALL COURT, LUDGATE HILL, LONDON, E.C.
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WEALE’S RUDIMENTARY SCIENTIFIC SERIES,

The volumes of this Series are freely Illustrated with Wood-
cuts, or otherwise, where requisite. Throughout the following List it must
be understood that the books are bound in limp cloth, unless otherwise
stated ;

but the volumes marked with a J may also be had strongly bound
in cloth boards for 6d. extra.

N.B.—In ordering from this List it is recommended, as a means oj

facilitating business and obviating error
,
to quote the numbers affixed to the

volumes
,
as well as the titles and prices.

CIVIL ENGINEERING, etc.

3 i. WELLS AND WELL-SLNKLNG. By John Geo. Swindell,
A. R.I.B.A., and G. R. Burnell, C.E. Revised Edition. With a New
Appendix on the Qualities of Water. Illustrated 2/0

“ Solid practical information, written in a concise and lucid style. The work can be recommended
as a text-book for all surveyors, architects, &c.”—Iron and Coal Trades Review.

35 .
THE BLASTLNG AND QUARRYLNG OF STONE

,

for Building and other Purposes. With Remarks on the Blowing up of
Bridges. By Gen. SirJ. Burgoyne, K.C.B. 1/6

43. TUBULAR AND OTHER IRON GIRDER BRIDGES,

describing the Britannia and Conway Tubular Bridges. With a Sketch of

Iron Bridges, &c. By G. Drysdale Dempsey, C.E. Fourth Edition . 2/0

44. FOUNDATIONS AND CONCRETE WORKS. With Prac-
tical Remarks on Footings, Planking, Sand, Concrete, B^ton, Pile-driving,

Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. Sixth Edition . . 1/6

60 .
LAND AND ENGLNEERLNG SURVEYLNG. For

Students and Practical Use. By T. Baker, C.E. Fourteenth Edition,

revised and corrected by J. R. Young, formerly Professor of Mathematics,
Belfast College. Illustrated with Plates and Diagrams 2/0+

80*. EMBANKING LANDS FROM THE SEA. With Examples
and Particulars of actual Embankments, &c. By John Wiggins, F.G.S. . 2/0

81. WATER WORKS, for the Supply of Cities and Towns. With
a Description of the Principal Geological Formations of England as influencing

Supplies of Water ; and Details of Engines and Tumping Machinery for

raising Water. By Samuel Hughes, F.G.S., C.E. Enlarged Edition . . 4/oJ
“ Every one who is debating how his village, town, or city shall be plentifully supplied with pure

water should read this book.”—Newcastle Courant.

,,7.
SUBTERRANEOUS SURVEYING. By Thomas Fen-
wick. Also the Method of Conducting Subterraneous Surveys without the use

of the Magnetic Needle, and other modern Improvements. ByT. Baker, C.E. 2/6J

Il8 .
CIVIL ENGINEERING IN NORTH AMERICA, A

Sketch of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. .3/0

l67 .
A TREATLSE ON THE APFLLCAT10N OF LRON TO
THE CONSTRUCTION OF BRIDGES, ROOFS, AND OTHER
WORKS. By Francis Campin, C.E. Fourth Edition .... 2/6

J

“For numbers of young engineers the book is just the cheap, handy, first guide th^y want.”

—

Middiesborough Weekly News. “ Remarkably accurate and well written.”

—

Artisan.

, 97 .
ROADSAND STREETS (THE CONSTRUCTION OF),

in Two Parts : I. The Art of Constructing Common Roads, by IT.

Law, C.E,, Revised by D. Kinnear Clark, C.E.
;
II. Recent Practice :

Including Pavements of Stone,Wood, and Asphalte. By D. K. Clark, C.E. 4/6

J

“A book which every borough surveyor and engineer must possess, and which will be of considerable

service to architects, builders, and property owners generally.’’—Building News.

203. SANLTAR Y WORLC LN THE SMALLER TOWNS
AND IN VILLAGES. By Charles Slagg, Assoc. M. Inst. C.E. Second
Edition, enlarged 3/°t

“ This is a very useful book There is a great deal of work required to be done in the smaller towns

and villages, and this little volume will help those who are willing to do it.”—Builder.

The 1 indicates that these vols. may be had strongly bound at 6d. extra.
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Civil Engineering-

,
etc., continued.

212. THE CONSTRUCTION OF GAS WORKS, and die Manu-
facture and Distribution of Coal Gas. By S. Hughes, C.E. Re-written by
William Richards, C.E. Seventh Edition, with important Additions . 5/6J

“Will be of infinite service alike to manufacturers, distributors, and consumers . ’’—Foreman Engineer.

213. PIONEER ENGINEERING

:

A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New Countries.
By Edward Dobson, A. I. C.E. With numerous Plates. Second Edition . 4/6J

“ Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, and
much of his advice will be valuable to young engineers proceeding to our colonies.”

—

Engineering.

2i6 . MATERIALS AND CONSTRUCTION: A Theoretical
and Practical Treatise on the Strains, Designing, and Erection of Works of
Construction. By Francis Campin, C.E. Second Edition, carefully revised. 3/0J

“ No better exposition of the practical application of the principles of construction has yet been
published to our knowledge in such a cheap comprehensive form .”—Buildijig News.

219. CIVIL ENGINEERING. By Henry Law, M. Inst. C.E.
Including a Treatise on Hydraulic Engineering by G. R. Burnell,
M.I.C.E. Seventh Edition, revised, with Large Additions on Recent
Practice by D. Kinnear Clark, M. Inst. C.E. 6s. 6d., cloth boards . 7/6

“ An admirable volume, which we warmly recommend to young engineers.’’

—

Builder.

260. IRON BRIDGES OF MODERATE SPAN: Their Con-
struction and Erection. By Hamilton Weldon Pendred, late Inspector of
Ironwork to the Salford Corporation. With 40 Illustrations .... 2/0

“ Students and engineers should obtain this bookfor constant and practical use.”- Colliery Guard'an.

26s. THE DRAINAGE OF LANDS, TOWNS, AND BUILD-
INGS. By G. D. Dempsey, C.E. Revised, with large Additions on Recent
Practice in Drainage Engineering, by D. Kinnear Clark, M.I.C.E. Second
Edition, corrected [Just published. 4/6J

MECHANICAL ENGINEERING, etc.

33. CRANES, the Construction of, and other Machinery for Raising
Heavy Bodies for the Erection of Buildings, &c. By Joseph Glynn, F.R.S. 1/6

34 .
THE STEAM ENGINE. By Dr. Lardner. Illustrated . 1/6

59. STEAM BOILERS

:

Their Construction and Management.
By R. Armstrong, C.E. Illustrated 1/6

“ A mass ot information suitable lor beginners.”—Design and Work.

82. THE POWER OF WATER
,
as applied to drive Flour Mills,

and to give motion to Turbines and other Hydrostatic Engines. By Joseph
Glynn, F.R.S., &c. New Edition, Illustrated 2/0

98.
PRACTICAL MECHANISM, and Machine Tools. By T.

Baker, C.E. With Remarks on Tools and Machinery, by J. Nasmyth, C.E. 2/6

139. THE STEAM ENGINE
,

a Treatise on the Mathematical
Theory of, with Rules and Examples for Practical Men. By T. Baker, C.E. 1/6

“Teems with scientific information in reference to the steam-engine.— Desig?i and Work.

l64 .
MODERN WORKSHOP PRACTICE, as applied to Marine,

Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges,

Ship-building, &c. By J. G. Winton. Fourth Edition, Illustrated . . 3/6}
“ Whether for the apprentice determined to master his profession, or for the artisan bent upon raising

himself to a higher position, this clearly written and practical treatise will be a great help.”

—

Scotsman..

!6-. IRONAND HEAT, exhibiting the Principles concerned in the
Construction of Iron Beams, Pillars, and Girders, ByJ. Armour, C.E. . 2/6

“A very useful and thoroughly practical little volume.”

—

Mining Journal.

j66. POWER INMOTION

:

Horse-power Motion, Toothed-Wheel
Gearing, Long and Short Driving Bands, Angular Forces, &c. By James
Armour, C.E. With 73 Diagrams. Third Edition 2/0J

“The value of the knowledge imparted cannot w-ell be over-estimated.”— Newcastle Weekly Chron.

THE WORKMAN'S MANUAL OF ENGLNEERING
DRA WING. By John Maxton, Instructor in Engineering Drawing,
Royal Naval College, Greenwich. Sixth Edition. 300 Plates and Diagrams

. 3/6}
“A copy of it should be kept for reference in every drawing officz.” —Engineering.

The J indicates that these vols. may be had strongly bound at 6i. extra.
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Mechanical Engineering, etc., continued.

190. STEAM AND THE STEAMENGINE, Stationary and Port-
able, An Elementary Treatise on. Being an Extension of the Elementary
Treatise on the Steam Engine of Mr. John Sewell. By D. K. Clark, C.E.
Third Edition 3/6J

“Every essential part of the subject is treated of competently, and in a popular style.”

—

Iron.

2oo. FUEL
,
ITS COMBUSTION AND ECONOMY. Con-

sisting of an Abridgment of “ A Treatise on the Combustion of Coal and the
Prevention of Smoke.” By C. W. Williams, A. I. C.E. With extensive
Additions by D. Kinnear Clark, M. Inst. C.E. Third Edition, corrected 3/6

J

“ Students should buy the book and read it, as one of the most complete and satisfactory treatises o
the combustion and economy of fuel to be had.”

—

Engijieer.

202. LOCOMOTIVE ENGINES

,

A Rudimentary Treatise on.
By G. D. Dempsey, C.E. With large Additions treating of the Modern
Locomotive, by D. K. Clark, M. Inst. C.E. With numerous Illustrations . 3/0J

“ A model of what an elementary technical book should be.”

—

Academy.

21 1. THE BOILERMAKER'S ASSISTANT in Drawing, Tem-
plating, and Calculating Boiler Work, &c. By J . Courtney, Practical Boiler-

maker. Edited by D. K. Clark, C.E. Third Edition, revised . . 2/0
“ With very great care we have gone through the * Boilermaker’s Assistant,’ and have to say that

has our unqualified approval. Scarcely a point has been omitted. ” —Foreman Engineer.

zi7 .
SEWING MACHINERY

:

Its Construction, History, &c.
With full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 2/0

“ A full description of the principles and construction of the leading machines, and minute instruc
tions as to their management.”

—

Scotsman.

223 MECHANICAL ENGINEERING. Comprising Metallurgy,
Moulding, Casting, Forging, Tools,Workshop Machinery, Mechanical Manipula-
tion, Manufacture of the Steam Engine, &c. By Francis Campin, C.E. . 2/6

“A sound and serviceable text-book, quite up to date.”—Building News.

236. DETAILS OF MACHINERY. Comprising Instructions for
the Execution of various Works in Iron in the Fitting-Shop, Foundry, and
Boiler-Yard. By Francis Campin, C.E 3/o{

“ A sound and practical handbook for all engaged in the engineering trades.”— Building World.

237. THE SMITHY AND FORGE, including the Farrier’s Art
and Coach Smithing. By W. J. E. Crane. Second Edition, revised . . 2/6 J

“ The first modern English book on the subject. Great pains have been bestowed by the author
upon the book ; shoeing smiths will find it both useful and interesting.”

—

Builder.

238. THE SHEET-METAL WORKER’S GUIDE: A Practical
Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 46 Diagrams
and Working Patterns. By W. J. E. Crane . Second Edition, revised . 1/6

“ The author has acquitted himself with considerable tact in choosing his examples, and with no
less ability in treating them.”

—

Plumber.

251 STEAMAND MACHINERY MANAGEMENT

:

A Guide
to the Arrangement and Economical Management of Machinery, with Hints

on Construction and Selection. By M. Powis Bale, M.Inst.M.E. 2/6

J

“Of high practical value.”—Colliery Guardian.
Gives the results of wide experience.”

—

Lloyd's Newspaper.

254 .
THE BOILER-MAKER’S READY RECKONER, with

Examples of Practical Geometry and Templating for the Use of Platers, Smiths,

and Riveters. By John Courtney. Edited by D. K. Clark, M.I.C.E.

Second Edition, revised, with Additions 4/0

%* The above
,
strongly half-bound, price 5L

“ A most useful work. No workman or apprentice should be without it .”—Iron Trade Circular.

255 .
LOCOMOTIVE ENGINE-DRIVING. A Practical Manual

for Engineers in charge of Locomotive Engines. By Michael Reynolds,
M.S.E. Eighth Edition. ^s. 6d. limp

;
cloth boards 4/6

“We can confidently recommend the book, not only to the practical driver, but to everyone who
lakes an interest in the performance of locomotive engines.— The Engineer.

256. STATIONARYENGINE-DRIVING. A Practical Manual
for Engineers in charge of Stationary Engines. By Michael Reynolds,
M.S.E. Third Edition. 3J. 6d. limp

;
cloth boards 4/6

“The author is thoroughly acquainted with his subjects, and has produced a manual which is an

exceedingly useful one for the class for whom it is specially intended.”—Engineering.

IS* The 4 indicates that these vols. may be had strongly bound at 6d. extra.
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MINING, METALLURGY, etc.

4. MINERALOGY, Rudiments of. By A. Ramsay, F.G.S.
Third Edition, revised and enlarged. Woodcuts and Plates . . . . 3 6J

“ The author throughout has displayed an intimate knowledge of his subject, and great facility in
mparting that knowledge to others. The book is of great utility.”—Mining Journal.

n7 . SUBTERRANEOUS SURVEYING, with and without the
Magnetic Needle. By T. Fenwick and T.Baker, C.E. Illustrated . . 2/6J

133. METALLURGY OF COPPER : An Introduction to the
Methods of Seeking, Mining, and Assaying Copper. By R. H. Lamborn. 2/6J

,3S. ELECTRO-METALLURGY, Practically Treated. By Alex-
ANDER Watt. Ninth Edition, enlarged and revised. With Additional
Illustrations, and including the most Recent Processes . \Jtist published. 3/6

J

“ From this book both amateur and artisan may learn everything necessary.’’

—

Iron.

i72. MINING TOOLS, Manual of. By William Morgans,
Lecturer on Practical Mining at the Bristol School of Mines .... 2,

6

i72*,MINING TOOLS, ATLAS of Engravings to Illustrate the
above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. . 4/b

“ Students, Overmen, Captains, Managers, and Viewers may gain practical knowledge and useful

s by the study of Mr. Morgans’ Manual .”—Colliery Guardian.

176. METALLURGY OE IRON Containing History of Iron
Manufacture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &c. By H. Bauerman, F.G.S.

,
A.R.S.M. With

numerous Illustrations. Sixth Edition, revised and enlarged.... 5/0$
“ Carefully written, it has the merit of brevity and conciseness, as to less important points ;

while a

material matters are very fully and thoroughly entered into.”

—

Standard.

180. COAL AND COAL MINING, A Rudimentary Treatise on.
By the late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector

of the Mines of the Crown. Sixth Edition, revised and enlarged . . . 3'6J
“Every portion of the volume appears to have been prepared with much care, and as an outline is

given of every known coal-field in this and other countries, as well as of the two principal methods of
working, the book will doubtless interest a very large number of readers.”—Mining Journal.

I9S.
THE MINERAL SURVEYOR AND VALUER'S COM-
PLETE GUIDE. Comprising a Treatise on Improved Mining Surveying
and the Valuation of Mining Properties, with New Traverse Tables. By W.
Lintern, Mining and Civil Engineer. Third Edition, with an Appendix on
Magnetic and Angular Surveying, with Records of the Peculiarities of Needle
Disturbances. With Four Plates of Diagrams, Plans, &c. . ... 3/6:£

“ Contains much valuable information, and is thoroughly trustworthy ”—Iron& Coal Trades Review.

214. SLATE AND SLATE Q UARRYING, Scientific, Practical,
and Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. With
numerous Illustrations and Folding Plates. Third Edition .... 3/0J

“One of the best and best-balanced treatises on a speciai subject that we have met with.”—
Engineer.

264. A FIRSTBOOK OFMINING AND QUARRYING, with
the Sciences connected therewith, for Primary Schools and Self Instruction. By
T. H. Collins, F.G.S., Lecturer to the Miners’ Association of Cornwall and
Devon. Second Edition, with additions 1/6

“For those concerned in schools in the mining districts, this work is the very thing that should be in

the hands of their schoolmasters.”— Iron.

ARCHITECTURE, BUILDING, etc.

16. ARCHITECTURE— ORDERS— The Orders and their

JEsthetic Principles. By W. H. Leeds. Illustrated 1/6

17 .
ARCHITECTURE—STYLES—The History and Descrip-

tion of the Styles of Architecture of Various Countries, from the Earliest to the
Present Period. By T. Talbot Bury, F. R.I.B.A., &c. Illustrated . . 2/0

%* Orders and Styles of Architecture, in One Vol., 3.L 6d.

18. ARCHITECTURE—DESIGN—The Principles of Design in
Architecture, as deducible from Nature and exemplified in the Works of the
Greek and Gothic Architects. By Edw. Lacy Garbhtt, Architect. Illustrated 2/6

“ We know no work that we would sooner recommend to an attentive reader desirous to obtain clear
views of the nature of architectural art. The book is a valuable one.”

—

Builder.

*V The three preceding Works in One handsome Vol.. half bound
,
entitled “Modern

Architecture,”//-/^ 6s.

13* The l indicates that these vols. may be had strongly bound at 6d. extra.



40 CROSBY LOCKWOOD & SON'S CATALOGUE.

Architecture, Building, etc., continued.

22 . THE ART OF BUILDING
,
Rudiments of. General Prin-

ciples of Construction, Strength and Use of Materials, Working Drawings,
Specifications, &c. By Edward Dobson, M.R.I.B.A., &c 2/0;*

“ A good book for practical knowledge, and about the best to be obtained.”—Building News.

25. MASONRY AND STONECUTTING

:

The Principles of
Masonic Projection and their application to Construction. By E. Dobson,
M.R.I.B.A 2/6+

42. COTTAGE BUILDING. By C. Bruce Allen. Tenth Ed.,
with a Chapter on Economic Cottages for Allotments, by E. E. Allen, C.E. 2/0

45. LIMES, CEMENTS, MORTARS, CONCRETES, MAS-
TICS, PLASTERING, &c. By G. R. Burnell, C.E. Thirteenth Edition r/6

S7 . WARMING AND VENTILATION of Domestic and Public
Buildings, Mines, Lighthouses, Ships, &c. By Charles Tomlinson, F.R.S. 3/0

in.ARCHES, PIERS, BUTTRESSES, cW.: Experimental
Essays on the Principles of Construction in. By William Bland . . 1/6

11 s. THE ACOUSTICS OF PUBLIC BUILDINGS; or,

The Principles of the Science of Sound applied to the purposes of the Architect
and Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated . 1/6

127. ARCHITECTURAL MODELLING IN PAPER, The Art
of. By T. A. Richardson. With Illustrations, engraved by O. Jewitt . 1/6

“A valuable aid to the practice of architectural modelling.”

—

Builder's Weekly Reporter.

123. VITRUVIUS—THE ARCHITECTURE OF MARCUS
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates 5/c

N.B.— This is the only Edition of Vitruvius procurable at a moderate price.

130. GRECIAN ARCHITECTURE, An Inquiry into the Prin-
ciples of Beauty in

;
with an Historical View of the Rise and Progress of the

Art in Greece. By the Earl of Aberdeen i/'c

*V The two preceding Works in One handsome Vol., half bound, entitled “ANCIENT
Architecture , "price 6s.

132. DWELLING-HOUSES, The Erection of, Illustrated by a
Perspective View, Plans, Elevations, and Sections of a Pair of Villas, with
the Specification, Quantities, and Estimates. By S. H. Brooks, Architect . 2/ SJ

156. QUANTITIES AND MEASUREMENTS, in Bricklayers’,
Masons’, Plasterers’, Plumbers’, Painters’, Paperhangers’, Gilders’, Smiths’,
Carpenters’ and Joiners’ Work. By A. C. Beaton, Surveyor . . .1/6

“ This book is indispensable to builders and their quantity clerks.”—English Mechanic.

i7S . LOCKWOOD’S BUILDER'S PRICE BOOK FOR 1891.
A Comprehensive Handbook of the Latest Prices and Data for Builders,

Architects, Engineers, and Contractors, Re-constructed, Re-written, and
greatly Enlarged. By Francis T. W. Miller, A. R. I. B. A. 650 pages. . 3/6J

182 CARPENTRY AND JOINERY—The Elementary Prin-
ciples of Carpentry. Chiefly composed from the Standard Work of
Thomas Tredgold, C.E. With Additions, and a TREATISE ON
JOINERY by E. W. Tarn, M.A. Fifth Edition, Revised and Extended . 3/6^

182* CARPENTRY AND JOINERY. ATLAS of 35 Plates to
accompany and illustrate the foregoing book. With Descriptive Letterpress. 4to 6/0

“ These two volumes form a complete treasury of carpentry and joinery, and should be in the hands
of every carpenter and joiner in the empire.”

—

Iron.

185. THE COMPLETE MEASURER

;

setting forth the Measure-
ment of Boards, Glass, Timber and Stone. By R. Horton. Fifth Edition . 4/0

*** The above
,
strongly bound in leather

,
price SJ.

,87. HINTS TO YOUNG ARCHITECTS. By George Wight-
wick, Architect, Author of “The Palace of Architecture,” &c., &c. Fifth

Edition, revised and enlarged by G. Huskisson Guillaume, Architect. 3/6J
“A copy ought to be considered as necessary a purchase as a box of instruments.”—Architect.

The % indicates that these vols. may be had strongly bound at 6d. extra.
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Architecture, Building, etc., continued.

188 HOUSE PAINTING
,
GRAINING

,
MARBLING

,

SIGN WRITING : With a Course of Elementary Drawing, and a Collection

of Useful Receipts. By Ellis A. Davidson. Fifth Edition. Coloured Plates 5/0
*** The above in cloth boards

,
strongly bound, 6s.

‘"A mass of information of use to the amateur and of value to the practical manT— English Mechanic

.

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING.
General Principles of Bricklaying

;
Arch Drawing, Cutting, and Setting ;

Pointing; Paving, Tiling, &c. By Adam Hammond. With 68 Woodcuts . 1/6
“ The young bricklayer will find it infinitely valuable to him.”—Glasgow Herald.

19 1. PLUMBING: A Text-Book to the Practice of the Art or
Craft of the Plumber. With Chapters upon House Drainage and Ventilation.

By Wm. Paton Buchan, R. P., Sanitary Engineer. Fifth Edition, revised and
enlarged, with 380 Illustrations ...... ... 3/6J

“A text-book which may be safely put into the hands of every young plumber, and which will also

be found useful by architects and medical professors.”

—

Builder.

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT’S
,

AND BUILDER'S STANDARD GUIDE. By R. E. Grandy . .2/0
“ Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws

in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c.”—English Mechanic.

206. A BOOK ON BUILDING
,
Civil and Ecclesiastical. By Sir

Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S., Author of “Clocks and
Watches and Bells,” &c. Second Edition, enlarged 4/6^.

“A book which is always amusing and nearly always instructive.”

—

Times.

226. THE JOINTS MADE AND USED BY BUILDERS.
By Wyvill J. Christy, Architect. With 160 Woodcuts 3/0+

“The work is deserving of high commendation.”

—

Builder.

228. THE CONSTRUCTION OF ROOFS, OF WOOD AND
IRON : Deduced chiefly from the Works of Robison, Tredgold, and Humber.
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised . . 1/6

“ Mr. Tarn is so thoroughly master of his subject, that although the treatise is founded on the works
of others, he has given it a distinct value of his own. It will be found valuable by all students.”

—

Builder.

229. ELEMENTARY DECORATION: As applied to Dwelling
Houses, &c. By James W. Facey. Illustrated 2/0

“ The principles which ought to guide the decoration of dwelling-houses are clearly set forth, and
elucidated by examples ; while full instructions are given to the learner.”

—

Scotsman.

2S7 .
PRACTICAL HOUSE DECORATION. A Guide to the

Art of Ornamental Painting, the Arrangement of Colours in Apartments, and
the Principles of Decorative Design. By James W. Facey .... 2/6

*** Nos. 229 and 257 in One handsome Vol.
, half-bound, entitled “ House DECORA-

TION, Elementary and Practical, ” price 5J.

230. A PRACTICAL TREATISE ON HANDRAILING;
Showing New and Simple Methods By Geo. Collings. Second Edition,

Revised, including a TREATISE ON STAIRBUILDING. With Plates .2/6
“Will be found of practical utility in the execution of this difficult branch of joinery.”

—

Builder.

247. BUILDING ESTATES

:

A Treatise on the Development,
Sale, Purchase, and Management of Building Land. By F. Maitland.
Second Edition, revised 2/0

“ This book should undoubtedly be added to the library of every professional man dealing wit h
building land.”—Laud Agent’s Record.

248. PORTLAND CEMENT FOR USERS. By Henry Faija,
A.M. Inst. C.E. Third Edition, Corrected 2/0

“ Supplies in a small compass all that is necessary to be known by users of cement.”—BuildingNews.

252. BRICKWORK

:

A Practical Treatise, embodying the General
and Higher Principles of Bricklaying, Cutting and Setting

;
with the Applica-

tion of Geometry to Roof Tiling, &c. By F. Walker 1/6
“ Contains all that a young tradesman or student needs to learn from books.”—Building News.

259. GAS FITTING

:

A Practical Handbook. By John Black.
With 121 Illustrations 2/6J

“Contains all the requisite inform ition for the successful fitting of houses for a gas service, &c.
It is written in a simple practical style, and we heartily recommend it.”—Plumber and Decorator.

253. THE TIMBER MERCHANT’S, SAW MILLER ' S, AND
IMPORTER'S FREIGHT BOOK AND ASSISTANT. By William
Richardson, with additions by M. Powis Bale, M.I.M.E., &c. . . . 3/0J

“A compendium of calculations which suppliesa real want in the trade .’’—Building News.

Ks* The J indicates that these vols, may be had strongly bound at 6d. extra.
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Architecture, Building, etc., continued.

23. (THE PRACTICAL BRICK AND TILE BOOK. Com-
i3c. J prising: Brick and Tile Making, by E. Dobson, A.I.C.E. ; Practical
252. I Bricklaying, by A. Hammond

; Brickwork, by F. Walker. 550 pp.
' with 270 Illustrations, strongly half-bound 6/0

=5?. CIRCULAR WORKIN CARPENTR YAND JOINER Y.
A Practical Treatise on Circular Work of Single and Double Curvature. By

lt
George Collings. Second Edition 2/6

Cheap in price, clear in definition, and practical in the examples se’ected.”

—

Builder.

261. SHORING, and Its Application : A Handbook for the Use of

«« \\r
Students - By George H. Blagrove. With 31 Illustrations . . .1/6

We recommend this valuable treatise to all students.”—Building Nexus.

265. THE ART OF PRACTICAL BRICK CUTTING AND
u

SETTING. By Adam Hammond. With 90 Engravings. [Just published. 1/6
‘ The author has treated the subject from a workman’s point fview; the methods are thoroughly

practical, and such as can be understood bv the working brick-cutter.”—Building Neus.
267- THE SCIENCE OF BUILDING: An Elementary Trea-

tise on the Principles of Construction. Adapted to the Requirements of
Architectural Students. By E. Wyndham Tarn, M.A. Lond. Third
Edition, revised and enlarged [Just published. 3/6

J

271. VENTILATION

:

A Text Book to the Practice of the Art of
Ventilating Buildings, with a Supplementary Chapter upon Air Testing.
By William Paton Buchan, R. P., Sanitary and Ventilating Engineer,
Author of ” Plumbing,” &c. With 170 Illustrations . [Just published. 3 6+

SHIPBUILDING, NAVIGATION, etc.

5 t. NAVAL ARCHITECTURE: An Exposition of the Elemen-
tary Principles. By James Peake, H.M. Dockyard, Portsmouth . . 3/6J

S3". SHIPSFOR OCEANAND RIVER SER VICE, Elementary
and Practical Principles of the Construction of. By Hakon A. Sommerfeldt. 1/6

S3**. AN ATLAS OF ENGRAVINGS to Illustrate the above.
Twelve large folding Plates. Royal 4to, cloth 7/6

54. MASTING, MAST-MAKING, AND RIGGING OF
SHIPS. Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp
Ropes, &c. , relative to every class of vessels. By Robert Kipping, N.A. 2/0

54*. IRON SHIP-BUILDING. With Practical Examples and
Details. By John Grantham. Fifth Edition 4/0

55. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on
Navigation. By James Greenwood, B.A. With numerous Woodcuts
and Coloured Plates. New and enlarged Edition. By W. H. Rosser . 2/6J

“ Is perhaps the best and simplest epitome of navigation ever compiled.

—

Field.

55 PRACTICAL NAVIGATION Consisting of The Sailor’s
& Sea-Book, by James Greenwood and W. H. Rosser ;

together with

204. Mathematical and Nautical Tables for the Working of the Problems, by
Henry Law, C.E., and Prof. J. R. Young. Half-bound in leather . . 7b

“ A vast amount of information is contained in this volume, and we fancy in a very short time that it

will be seen in the library of almost every ship or yacht afloat.”

—

Hunt's Yachting Magazine.

80. MARINE ENGINES AND STEAM VESSELS. By
R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by
the Author and by George Carlisle, C.E 4/6+

“ An indispensable manual for the student of marine engineering.”—Liverpool Mercury.

83Us. the FORMS OF SHIPS AND BOATS. By W. Bland.
Seventh Edition, revised, with numerous Illustrations and Models . . .1/6

99. NAVIGATION AND NAUTICAL ASTRONOMY, in

Theory and Practice. By Prof. J. R. Young. New Edition. Illustrated . 2/6
“ A very complete, thorough, and useful manual for the young navigator.”

—

Observatory.

jo6. SHIPS’ ANCHORS, a Treatise on. By George Cotsell. ,/6

•.49. SAILS AND SAIL-MAKING. With Draughting, and the

Centre of Effort of the Sails. Also, Weights and Sizes of Ropes ;
Masting,

Rigging, and Sails of Steam Vessels, &c. By Robert Kipping, N.A. . 2/6J

TS3 .
THE ENGINEER'S GUIDE TO THE ROYAL AND
MERCANTILE NAVIES. By a Practical Engineer. Revised by
D. F. M'Carthy, late of the Ordnance Survey Office, Southampton . . 3 °

ls1
Th-> J indicates th it these vols. may be had strongly bound at 6d. extra

.
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AGRICULTURE, GARDENING, etc.

61*. A COMPLETE PEATY RECKONER FOR THE Ad-
measurement of land, &c. By A. Arman. Third Edition,

revised and extended by C. Norris, Surveyor, Valuer, &c 2/0
“ A very useful book to all who have land to measure.”—Mari Lane Express.
“ Should be in the hands of all persons having any connection with land.”—Irish Farm.

131. MILLER'S, CORN MERCHANT'S, AND FARMER'S
READY RECKONER. Second Edition, revised, with a Price List of
Modern Flour Mill Machinery, by W. S. Hutton, C.E 2/0

“ Will prove an indispensable vade mecuni. Nothing has been spared to make the book complete and
perfectly adapted to its special purpose. —Miller.

140. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of
Modern Farming.) By R. Scott Burn. Woodcuts 2/0

141 . FARMING AND FARMING ECONOMY
,
Historical and

Practical. (Vol. II. Outlines of Modern Farming.) By R. Scott Burn. 3/0
“ Eminently calculated to enlighten the agricultural community on the varied subjects of which it

treats ; hence it should find a place in every farmer’s library.”—City Press.

14.2. STOCK ; CATTLE, SHEEP, AND HORSES. (Vol. III.

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. . 2/6
“ The author’s grasp of his subject is thorough, and his grouping of facts effective. . . . We com-

mend this excellent treatise ’’—Weekly Dispatch.

145 .
DAIRY, PIGS, AND POULTRY. (Vol. IV. Outlines of

Modern Farming.) By R. Scott Burn. Woodcuts . . . .2/0
“ We can testify to the clearness and intelligibility of the matter, which has been compiled from the

best authorities.”—London Review.

146. UTILIZATION OF SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE LAND. (Vol. V. Outlines of Modern
Farming.) By R. Scott Burn. Woodcuts 2/6

" A work containing valuable information, which will recommend itself to all interested in modern
farming.”

—

Fiela.

i4o.| OUTLINES OF MODERN FARMTNG. By R. Scott
142. I Burn, Author of “Landed Estates Management,” “Farm Management,”

l4 c ( and Editor of “The Complete Grazier.” Consisting of the above Five

)
Volumes in One, 1,250 pp., profusely Illustrated, half-bound .... 12/0

“ The aim of the author has been to make his work at once comprehensive and trustworthy, and
this aim he has succeeded to a degree which entitles him t-> much credit.”—Morning Advertiser.

“Should find a place in every farmer’s library.”—City Press.
“ No farmer should be without it.”—Banbury Guardian.

i 77 . FRUIT TREES, The Scientific and Profitable Culture of.

From the French of M. Du Breuil. Fourth Edition, carefully Revised by
George Glennv. With 187 Woodcuts 3/6J

“ The book teaches how to prune and train fruit trees to perfection.”

—

Field.

198. SHEEP

:

The History, Structure, Economy, and Diseases of.

By W. C. Spooner, M.R.V.C., &c. Fifth Edition, with fine Engravings,
including Specimens of New and Improved Breeds. 366 pp 3/6 J

“ The book is decidedly the best of the kind in our language.”

—

Scotsman.

201. KITCHEN GARDENING MADE EASY. Showing the
best means of Cultivating every known Vegetable and Herb, &c., with direc-

tions for management all th- year round. By Geo. M. F. Glenny. Illustrated 1/6J
This book will be found trustworthy and useful.”—North British Agriculturist.

soy. OUTLINES OF FARM MANAGEMENT. Treating of
the General Work of the Farm

; Stock ; Contract Work
;
Labour, &c. By

R. SCOTT Burn, Author of “ Outlines of Modern Farming,” &c. . . . 2/6^
“ The book is eminently practical, and may be studied with advantage by beginners in agriculture,

while it contains hints which will be useful to old and successful farmers.”—Scotsman.

208. OUTLINES OFLANDED ESTATESMANAGEMENT:
Treating of the Varieties of Lands, Methods of Farming, the Setting-out of
Farms, &c. ; Roads, Fences, Gates, Irrigation, Drainage, &c. By R. S. Burn. 2/6^*

“A complete and comprehensive outline of the duties appertaining to the management of landed
estates.”—Journal of Forestry.

Nos. 207 6* 208 in One Vol., handsomely half-bound, entitled “ Outlines of Landed
Estates and Farm Management.” By Robert Scott Burn. Price 6s.

The J indicates that these vols. may be had strongly bound at 6d. extra.
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Agriculture, Gardening, etc., continued.

209 . THE TREE PLANTER AND PLANTPROPAGATOR

:

With numerous Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &c. By S. Wood, Author of “Good Gardening," &c. . . 2/0

“ Sound in its teaching and very comprehensive in its aim. It is a good book. ”

—

Gardeners' Magazine.
“The instructions are thoroughly practical and correct .”—North British Agriculturist.

210. THE TREE PRUNER : Being a Practical Manual on the
Pruning of Fruit Trees, including also their Training and Renovation, also
treating of the Pruning of Shrubs, Climbers and Flowering Plants. With
numerous Illustrations. By Samuel Wood, Author of “ Good Gardening," &c. 1/6

“ A useful book, written by one who has had great experience.”—Mark Lane Express.
“ We recommend this treatise very highly.”— North British Agriculturist.

*** Nos. 209 fir* 210 in One Vol., handsomely half-bound, entitled “The Tree
Planter, Propagator and Pruner,” By Samuel Wood. Price 3s. 6d.

218. THE HAY AND STRAW MEASURER

:

New Tables
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c.,
forming a complete Calculator and Ready Reckoner. By John Steele . 2/0

“A most useful handbook. It should be in every professional office where agricultural valuations are
conducted .”—Land Agent's Record.

222. SUBURBAN FARMING : A Treatise on the Laying-out and
Cultivation of Farms, adapted to the Produce of Milk, Butter and Cheese, Eggs,
Poultry, and Pigs. By the late Prof. John Donaldson. With Additions,
illustrating Modern Practice, by R. Scott Burn. With numerous Illustrations 3/6}

“ An admirable treatise on all matters connected with dairy farms.”

—

Live Stock Journal.

231. THE ART OF GRAFTING AND BUDDING. By
Charles Baltet. With Illustrations 2/6J

“ The one standard work on this subject.”

—

Scotsman.

232 .
COTTAGE GARDENING; or, Flowers, Fruits, and Vege-

tables for Small Gardens. By E. Hobday 1/6
“ Definite instructions as to the cultivation of small gardens.”

—

Scotsman.
“ Contains much useful information at a small charge.”

—

Glasgow Herald.

233. GARDEN RECEIPTS. Edited by Charles W. Quin. xj6
“A singularly complete collection of the principal receipts needed by gardeners.”

—

Farmer.
“A useful and handy book, containing a good deal of valuable information.”

—

Athenceum.

234 .
MARKET AND KITCHEN GARDENING. By C. W.

Shaw, late Editor of “Gardening Illustrated” 3/0 J

“ The most valuable compendium of kitchen and market-garden work published.”

—

Farmer.
“ A most comprehensive volume on market and kitchen-gardening.”

—

Mark Lane Express.

239 .
DRAINING AND EMBANKING. A Practical Treatise.

By John Scott, late Professor of Agriculture and Rural Economy at the
Royal Agricultural College, Cirencester. With 68 Illustrations . . . . 1/6

“A valuable handbook to the engineer, as well as to the surveyor.”—Land.
“ This volume should be perused by all interested in this important branch of estate improvement.”

—Land Agent's Record.

240. IRRIGATIONAND WATER SUPPLY: A Practical Trea-
tise on Water Meadows, Sewage Irrigation, Warping, &c. ; on the Construc-
tion of Wells, Ponds and Reservoirs, &c. By Prof. J. Scott. With 34 Illusts. 1/6

“ A valuable and indispensable book for the estate manager and owner.”

—

Forestry.
“Well worth the study of all farmers and landed proprietors.”— Building News.

a4I .
FARM ROADS

,
FENCES

,
AND GATES: A Practical

Treatise on the Roads, Tramways, and Waterways of the Farm
;
the Prin-

ciples of Enclosures ; and the different kinds of Fences, Gates, and Stiles.

By Professor John Scott. With 75 Illustrations 1/6

“Mr. Scott’s treatise will be welcomed as a concisely compiled handbook.”

—

Building News.
“A useful practical work, which should be in the hands of every farmer.”

—

Farmer.

242. FARM BUILDINGS . A Practical Treatise on the Buildings
necessary for various kinds of Farms, their Arrangement and Construction,

with Plans and Estimates. By Prof. John Scott. With 105 Illustrations . 2/0
*• No me who is called upon to design farm-buildings can afford to be without this work.”— Builder.
“This book ought to be in the hands of every landowner and agent.”—Kelso Chronicle.

243 .
BARN IMPLEMENTS AND MACHINES. Treating of

the Application of Power to the Operations of Agriculture; and of the

various Machines used in the Threshing-barn, in the Stock-yard, Dairy, &c.

By Professor John Scott. With 123 Illustrations 2/0

The J indicates that these vols. may be had strongly bound at 6d extra.
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Agriculture, Gardening, etc., continued.

244. FIELD IMPLEMENTS AND MACHINES: With Prin-
ciples and Details of Construction and Points of Excellence, their Manage-
ment,^. By Prof. John Scott. With 138 Illustrations .... 2/0

=45- AGRICULTURAL SURVEYLNG: A Treatise on Land
Surveying, Levelling, and Setting-out ; with Directions for Valuing and Re-
porting on Farms and Estates. By Prof. J. Scott. With 62 Illustrations 1/6

239-) FAPM ENGINEERING ; By Professor John Scott. Com-
to

/ prising the above Seven Volumes in One, 1, 150 pages, and over 600 Illustrations.
24S-J Half-bound

. 12/0
A copy of this work should be treasured up in every library where the owner thereof is in any way

connected with land.”— Farm and Home.

250. MEAT PRODUCTION: A Manual for Producers, Distribu-
tors, and Consumers of Butchers’ Meat By John Ewart. . . . 2/6

‘ A compact and handy volume on the meat question.’’—Meat and Provision Trades' Review.

265. BOOK-KEEPING FOR FARMERS AND ESTATE
OWNERS. A Practical Treatise, presenting, in Three Plans, a System
adapted for all classes of Farms. By J. M. Woodman, Chartered Accountant.
Second Edition, revised 2/6

*** The above in cloth boards, strongly bound, 31. 6d.
“ Will be found of great assistance by those who intend to commence a system of book-keeping, tl e

author’s examples being clear end explicit, and his explanations full and accurate.”

—

Live Stock Journal.

MATHEMATICS, ARITHMETIC, etc.

32. MATHEMATICAL INSTRUMENTS, a Treatise on
;
Their

Construction, Adjustment, Testing, and Use concisely Explained. By J. F.

Heather, M.A., of the Royal Military Academy, Woolwich. Fourteenth
Edition, Revised, with Additions, by A. T. Walmisley, M.I.C.E., Fellow of
the Surveyors’ Institution. Original Edition, in 1 vol., Illustrated . . . 2/0J

*** In ordering the above, be careful to say “ Original Edition," orgive the mimber in
the Series (32), to distinguish itfrom the Enlarged Edition in 3 vols. (Ato. 168-9-70,/.

76 . DESCRIPTIVE GEOMETRY, son Elementary Treatise on;
with a Theory of Shadows and of Perspective, extracted from the French of
G. Monge. To which is added a Description of the Principles and Practice

of Isometrical Projection. ByJ. F. Heather, M.A. With 14 Plates . 2/0

178. PRACTICAL PLANE GEOMETRY

:

giving the Simplest
Modes of Constructing Figures contained in one Plane and Geometrical Con-
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts . 2/0

“The author is well-known as an experienced professor, and the volume contains as complete a
collection of problems as is likely to be required in ordinary practice.”

—

Architect.

83. COMMERCIAL BOOK-KEEPING. With Commercial
Phrases and Forms in English, French, Italian, and German. By James
Haddon, M.A., formerly Mathematical Master, King’s College School . 1/6

84. ARITHMETIC,
a Rudimentary Treatise on : with full Expla-

nations of its Theoretical Principles, and numerous Examples for Practice.

For the Use of Schools and for Self-Instruction. By J. R. Young, late

Professor of Mathematics in Belfast College. Eleventh Edition . . . 1/6

84*.^ KEY TO THE ABOVE. ByJ. R. Young . . . 1/6

85. EQUATIONAL ARITHMETIC, applied to Questions of
Interest, Annuities, Life Assurance, and General Commerce

;
with various

Tables by which all Calculations may be greatly facilitated. By W. Hipsley. 2/0

86. ALGEBRA, the Elements of. By James Haddon, M.A.,
formerly Mathematical Master of King’s College School. With Appendix,
containing Miscellaneous Investigations, and a collection of Problems . 2/0

86*.A KEY AND COMPANION TO THE ABOVE. An
extensive repository of Solved Examples and Problems in Illustration of; he
various Expedients necessary in Algebraical Operations. By |. R. Young

88. EUCLID, The Elements of: with many Additional Propost-
& tions and Explanatory Notes ; to which is prefixed an Introductory Essay on
89. Logic. By Henry Law, C.E. 2/6

J

*** Sold also separately, viz. r—
88. Euclid, The First Three Books. By Henky Law, C.E 1/6

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. . . . .1/6

^ The J indicates that these vols, may be had strongly bound at Cd. extra.
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Mathematics, Arithmetic, etc., continued

.

go. ANALYTICAL GEOMETRY AND CONIC * SEC-
TIONS

, a Rudimentary Treatise on. By James Hann. A New Edition,
re-written and enlarged by Professor J. R. Young 2/oJ

“ The author’s style is exceedingly clear and simple, and the book is well adapted for the beginner
and those who may be obliged to have recourse to self-tuition.’’—Engineer.

91. PLANE TRIGONOMETRY, the Elements ot. By James
Hann, formerly Mathematical Master of King’s College, London . .1/6

92. SPHERICAL TRIGONOMETRY, the Elements of. By
James Hann. Revised by Charles H. Dowling, C.E 1/0

*** Or with “ The Elevients ofPlane Trigonometry,” in One Volume, 2 s. 6d.

93. MENSC/RATION AND MEASURING, for Students and
Practical Use. With the Mensuration and Levelling of Land for the purposes
of Modern Engineering. By T. Baker, C.E. New Ed. by E. Nugent, C.E. 1/6

101. DIFFERENTIAL CALCDIGS, Elements of the. By W. S. B.
Woolhouse, F.R.A.S., &c 1/6

102. INTEGRAL CALCULUS. By Homersham Cox, B.A. . 1/0

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-

instruction. By James Haddon, M.A. Revised by Abraham Arman . 1/6

137 .
A KEY TO THE ABOVE. By A. Arman .... 1 6

x68. DRA WING AND MEASURING INSTRUMENTS. In-
cluding—I. Instruments employed in Geometrical and Mechanical Drawing,
and in the Construction, Copying, and Measurement of Maps and Plans.

II. Instruments used for the purposes of Accurate Measurement, and for

Arithmetical Computations. By J. F. Heather, M.A 1/6

“ Valuable and instructive to all whose occupations require exceptional accuracy in measurements.”
—Jeweller and Metal Worker.

i69 .
OPTICAL INSTRUMENTS. Including (more especially)

Telescopes, Microscopes, and Apparatus for producing copies of Maps and
Plans by Photography. ByJ. F. Heather, M.A. Illustrated . . . 1/6

“ An excellent treatise.”—British Journal of Photography.

i7o.
SURVEYING & ASTRONOMICAL INSTRUMENTS.

Including— I. Instruments used for Determining the Geometrical Features of

a portion of Ground. II. Instruments employed in Astronomical Observa-
tions. ByJ. F. Heather, M.A. Illustrated 1/6

“ A good, sensible, useful book.”—School Board Chronicle.

%* The above three volumes form an enlargement of the Author s original work
,

‘
* Mathematical Instruments ”

; price is. (See No. 32 in the Series.

)

MATHEMATICAL INSTRUMENTS: Their Construction,
168. Adjustment, Testing and Use. Comprising Drawing, Measuring, Optical,

169. • Surveying, and Astronomical Instruments. By J. F. Heather, M A.
170. Enlarged Edition, for the most part entirely re written. The Three Parts

as above, in One thick Volume 4/6+
“An exhaustive treatise, belonging to the well-known Weale’s Series. Mr. Heather’s experience

well qualifies him for the task he has so ably fulfilled.”—Engineering and Building Times.

, 58.
THE SLIDE RULE

,
AND HOW TO USE IT. Con-

taining full, easy, and simple Instructions to perform all Business Calculations

with unexampled rapidity and accuracy. By Charles Hoare, C.E. With
a Slide Rule, in tuck of cover. FiUh Edition 2/6J

,96. THEORY OF COMPOUND INTERESTAND ANNUL
TIES ; with Tables of Logarithms for the more Difficult Computations of

Interest, Discount, Annuities, &o., in all their Apolications and Uses for Mer-

cantile and State Purposes. By Fedor Thoman, of rh- Socidt6 Credit

Mobilier, Paris. Third Edition, carefully revised and corrected . . . q/oj

“ A very powerful work, and the author has a very remarkable command of his subject.”—Professor

A de Morgan. “ We recommend it to the notice of actuaries and accountants.”—Athenaum.

13* The | indicates that these vols. may be had strongly bound at 6d. extra.
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Mathematics, Arithmetic, etc., continued.

199. THE COMPENDIOUS CALCULATOR (Intuitive Calcu-
lations'); or, Easy and Concise Methods of Performing the various Arith-
metical Operations required in Commercial and Business Transactions

;

together with Useful Tables, &c. By Daniel O’Gorman. Twenty-seventh
Edition, carefully revised by C. Norris 2/6

* ..* The above strongly half-boicnd, price 3s. 6d.
“ It would be difficult to exaggerate the usefulness of this book to everyone engaged in commerce

or manufacturing industry. It is crammed full with rules and formulae for shortening and employing
calculations in money, weights and measures, &c. of every sort and description.”

—

Knowledge.

204. MATHEMATICAL TABLES
,
for Trigonometrical, Astro-

nomical, and Nautical Calculations ; to which is prefixed a Treatise on
Logarithms. By H. Law, C.E. Together with a Series of Tables for Navi-
gation and Nautical Astronomy. By Professor T R. Young. New Edition 4/0

204.* LOGARITHMS. With Mathematical Tables for Trigonome-
trical, Astronom cal, and Nautical Calculations. By Henry Law, C.E.
Revised Edition. (Forming part of the above work.) 3/0

22 1. MEASURES, WEIGHTS, AND MONEYS OF ALL
NATIONS, and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W. S. B. Woolhouse, F. R.A.S., F.S.S. Sixth Edition, 2/0+

“A work necessary for every mercantile office.”—Building Trades Journal.

227. A TREATISE ON MATHEMATICS, as applied to the
Constructive Arts. By Francis Campin, C.E., &c. Second Edition . .3/0

J

“ Should be in the hands of everyone connected with building construction —Builder's Weekly
Reporter.

PHYSICAL SCIENCE, NATURAL PHILOSOPHY, etc.

1. CHEMISTR F,for the Use of Beginners. By Prof. Geo. Fownes,
F. R.S. With an Appendix on the Application of Chemistry to Agriculture. 1/0

2. NATURAL PHILOSOPHY
,,

for the Use of Beginners.
By Charles Tomlinson, F.R.S 1/6

6. MECHANICS

;

Being a concise Exposition of the General
Principles of Mechanical Science, and their Applications. By Charles
Tomlinson, F.R.S 1/6

7 . ELECTRICITY

;

showing the General Principles of Electri-
cal Science, and the Purposes to which it has been applied. By Sir W. Snow
Harris, F.R.S.

, &c. With considerable Additions by R. SabiNe, C.F'.., F.S.A. 1/6

7*. GALVANISM. By Sir W. Snow Harris. New Edition,
revised, with considerable Additions, by Robert Sabine, C.E. . . . 16

8. MAGNETISM. By Sir W. Snow Harris. New Edition,
revised and enlarged by H. M. Noad, Ph.D. With 165 Woodcuts . . 3/6 1

“The best popular exposition of magnetism, its intricate re’ations and complicating effects, with
which we are acquainted .”—School Board Chronicle.

11. THE ELECTRIC TELEGRAPH

:

its History and Progress

;

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A.,&c. 3/0
“ Essentially a practical and instructive work .”—Daily Telegraph .

12 .
PNEUMATICS, including Acoustics and the Phenomena of

Wind Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S.
Fourth Edition, enlarged. Illustrated . . . i '6

72 .
MANUAL OP THE MOLLUSCA: A Treatise on Recent

and Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts.
cloth gilt 7/6

“ A storehouse of conchological and geological information.”

—

Hardwicke's Science Gossip.
“ An important work, with such additions as complete it to the present time.”—Land and Water.

96. ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S.,
formerly Radcliffe Observer at Oxford. Third Edition, revised and corrected
to the Present Time, by William Thynne Lynn, B.A., F.R.A.S. . . 2/0

“A sound and simple treatise, very carefully edited, and a capital book for beginners.”

—

Knowledge.

97 .
STATICS AND DYNAMICS, the Principles and Practice of;

embracing also a clear development of Hydrostatics, Hydrodynamics, and
Central Forces. By T. Baker, C.E. Fourth Edition 1/6

IS" The l indicates that these vols. may be had strongly bound at 6d. extra.
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138. TELEGRAPH, HANDBOOK OF THE: A Guide to
Candidates for Employment in the Telegraph Service. By R. Bond. Fourth
Edition 3/0J

173 . PHYSICAL GEOLOGY
,
partly based on Major-General Port-

lock's “ Rudiments of Geology.” By Ralph Tate, A.L.S., &c. Woodcuts. 2/0

174. LLISTORICAL GEOLOGY
,
partly based on Major-General

Portlock’s “ Rudiments.” By Ralph Tate, A.L.S.. &c. Woodcuts. . 2/6

173. GEOLOGY,
Physical and Historical. Consisting of

& “ Physical Geology,” which sets forth the Leading Principles of the Science ;

174. and “ Historical Geology,” which treats of the Mineral and Organic Conditions
of the Earth at each successive epoch. By Ralph Tate, F.G.S., &c., &c.
With 250 Illustrations 4/6+

“ The fulness of the matter has elevated the book into a manual. Its information is exhaustive and
well arranged, so that any subject may be opened upon at once.”—School Board Chronicle.

183. ANLMAL PHYSICS

,

Handbook of. By Dionysius LARD-
184. ner, D.C.L. With 520 Illustrations. In OneVol. (732 pages), cloth boards. 7/6

%* Sold also in Two Parts
,
as follows :

—

183. Animal Physics. By Dr. Lardner. Part 1 ., Chapters 1 .-VI I. . .4/0
184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.-XVIII. .3/0

“ This book contains a great deal more than an introduction to human anatomy. In it will be found
the elements of comparative anatomy, a complete treatise on the functions of the body, and a description
of the phenomena of birth, growth, and decay. ’—Educational Times.

269. LIGHT: An Introduction to the Science of Optics. Designed
for the Use of Students of Architecture, Engineering, and other Applied
Sciences. By E. Wyndham Tarn, M.A., Author of “The Science of
Building,” &c. [Just published. 1/6

FINE ARTS, etc.

20 . PERSPECTIVE FOR BEGINNERS. Adapted to Young
Students and Amateurs in Architecture, Painting, &c. By George Pyne. 2/0

40. GLASS STAINING, AND THE ART OF PAINTING
ON GLASS. From the German of Dr. Gessert and Emanuel Otto
Fromberg. With an Appendix on The Art of Enamelling. . . 2/6

69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Examples. By Charles Child Spencer 2/6

“ Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that must
recommend his works to all who wish to thoroughly understand music.”

—

Weekly Titties.

71 .
PIANOFORTE

,

The Art of Playing the. With numerous
Exercises and Lessons. By Charles Child Spencer .... 1/6

“ A sound and excellent work, written with spirit, and calculated to inspire the pupil with a desire to

aim at high accomplishment in the art.”

—

School Board Chronicle.

69, 7I .
MUSIC, AND THE PIANOFORTE. One Vol. Half-bound. S/o

l8 i. PAINTING POPULARLY EXPLAINED. By Thomas
John Gullick, Painter, and John Timbs, F.S.A. Including Fresco, Oil,

Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, Painting
on Ivory, Vellum, Pottery, Enamel. Glass, &c. Fifth Edition . . . 5/0

J

*** Adopted as a Prize book at South Kensington.
“ Much may be learned, even by those who fancy they do not require to be taught, from the careful

perusal of this unpretending but comprehensive treatise.”—Art Journal.

l86. a GRAMMAR OF COLOURING. Applied to Decorative
Painting and the Arts. By George Field. New Edition, revised and
enlarged by Ellis A. Davidson. With Coloured Plates .... 3/0J

“The book is a most useful resutnC of the properties of pigments.”

—

Builder.
“One of the most useful of students’ books.”

—

Architect.

246. A DICTIONARY OF PAINTERS, AND HANDBOOK
FOR PICTURE AMA TEURS ; being a Guide for Visitors to Public and
Private Picture Galleries, and for Art-Students, including Glossary of Terms,
Sketch of Principal Schools of Painting, &c. By Philippe Daryl, B.A. . 2/6J

“ Considering its small compass, really admirable. We cordially recommend the book.”

—

Builder.

|3” The J indicates that these vols. may be had strongly bound at 6d. extra

,
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INDUSTRIAL AND USEFUL ARTS.
23. BRICKS AND TILES' Rudimentary Treatise on the

Manufacture of
;

containing an Outline of the Principles of Brickmaking.
By E. Dobson, M.R.I.B.A. Additions by C. Tomlinson, F.R.S. Illust. 3/0J

‘ The best handbook on the subject. We can safely recommend it as a good investment.”

—

Buildc?-.

67 . CLOCKS AND WATCHES
,
AND BELLS

,
a Rudimentary

Treatise bn. By Sir Edmund Beckett, Bart. Q.C. Seventh Edition. . 4/6
*** The above handsomely bound, cloth boards

, 55. 6d.
“ The best work on the subject probably extant. The treatise on bells is undoubtedly the best in

the language.”

—

Engineering. “The only modern treatise on clock-making.”—Horological Journal.

83##. CONSTRUCTION OF DOOR LOCKS. From the Papers
of A. C. Hobbs. Edited by Charles Tomlinson, F.R.S. With a Note
upon Iron Safes by Robert Mallet. Illustrated 2/6

162. THE BRASS FOUNDER'S MANUAL: Instructions for
Modelling, Pattern Making, Moulding, Turning, &c. By W. Graham. . 2/0J

203. THE art of letter tainting made easy.
By James Greig Badenoch. With 12 full-page Engravings of Examples . 1/6

“ Any intelligent lad who fails to turn out decent work after studying this system, has mistaken his
vocation.”—English Mechanic.

215. the GOLDSMITH'S HANDBOOK, containing full In-
structions in the Art of Alloying, Melting, Reduc ng, Colouring, Collecting and
Refining. The processes of Manipulation, Recovery of Waste, Chemical and
Physical Properties of Gold ;

Solders, Enamels and other useful Rules and
Recipes, &c. By George E. Gee. Third Edition, considerably enlarged . 3/0}

“A good, sound, technical educator.”—Horological Journal.
“A standard book, which few will care to be without.”—Jeweller and Metahvorker.

225. THE SIL VERSM17H’S HANDBOOK, on the same plan
as the above. By George E. Gee. Second Edition, Revised . . . 3/0J“A valuable sequel to the author’s * Practical Goldworker.’ ”

—

Silversmith'$ Trade Journal.
“As a guide to workmen it will prove a good technical educator.”—Glasgow Herald.
*** The two preceding Works

,
in One handsome Vol., half-bound, entitled “ The

Goldsmith’s and Silversmith’s Complete Handbook,” 7s.

249 .
THE HALL-MARKING OF JEWELLERY. Compris-

ing an account of all the different Assay Towns of the United Kingdom ; with
the Stamps at present employed

;
also the Laws relating to the Standards and

Hall-Marks at the various Assay Offices. By George E. Gee . . . 3/0J
“Deals thoroughly with its subject from a manufacturer’s and dealer’s point of view.’’

—

Jeweller.
“ A valuable and trustworthy guide.”—English Mechanic.

224. COACH-BUILDING

:

A Practical Treatise, Historical and
Descriptive. By James W. Burgess. With 57 Illustrations . . . 2/6 1

“This handbook will supply a long-felt want, not only to manufacturers themselves, but more
particularly apprentices and others whose occupations may be in any way connected with the trade of
coach-building.”—European Mail.

23S .
PRACTICAL ORGAN BUILDING. By W. E. Dickson,

M.A., Precentor of Ely Cathedral. Second Edition, Revised, with Additions. 2/6

J

“ The amateur builder will find in this book all that is necessary to enable him personally to con*
struct a perfect organ with his own hands.”

—

Academy.
“The best work on the subject that has yet appeared in book form .”—English Mechanic.

262. THE ART OF BOOT AND SHOEMAKING
,
including

Measurement, Last-fitting, Cutting-out, Closing and Making
;
with a Descrip-

tion of the most Approved Machinery employed. By John Bedford Leno,
late Editpr of “ St. Crispin ” and ‘

* The Boot and Shoemaker. ” With numerous
Illustrations. Third Edition 2/0*

“This excellent treatise is by far the best work ever written on the subject. The chapter on clicking,

which shows how waste may be prevented, will save fifty times the price of the book.”—Scottish Leather
Trader.

263. MECHANICAL DENTISTRY

:

A Practical Treatise on the
Construction of the Various Kinds of Artificial Dentures, comprising also

Useful Formulae, Tables and Receipts for Gold Plate, Clasps, Solders, &c.
By Charles Hunter. Third Edition, revised, with additions . . . 3/0J

“We can strongly recommend Mr. Hunter’s treatise to all students preparing for the profession of

dentisty, as well as to every mechanical dentist .’’—Dublin Journal of Medical Science.

270. WOOD ENGRA VING

:

A Practical and Easy Introduction
to the Study of the Art. By W. N. BROWN . . . \Just published. 1/6

1-^" The J indicates that these vols. may be had strongly bound at 6d. extra.
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MISCELLANEOUS VOLUMES.
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